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plus or minus 7!,'F., was insisted upon by ¢ 
purchaser of this SC Oven Furnace for anneali 
steel balls approximately 9 inches in diameter ar 


weighing 125 Ibs. each. 


Eight SC low pressure velocity burners, located 
the side walls and overfiring, heat the charge 
4500 Ibs. from cold to 2200°F. and maintain ¢ 


guaranteed uniformity during the 7 hour heat cy 


In this, as in any other SC burner application, 
and gas are correctly proportioned, and autom 
cally maintained with one valve control. SC Au 
matic Proportioning Gas Burners are built for ¢ 
exact efficiency you need on any heat treating |< 
SC burners are made in 47 types and more tl 
100 sizes. Years of experience are at your c 
mand when you call in an SC engineer. SURFA(¢ 
COMBUSTION CORPORATION, Toledo, Oh 
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Surface ombustion 


Toledo, Ohio » Sales and Engineering Service in Principal Cities 


Builders of HARDENING, DRAWING, NORMALIZING, ANNEALING FURNACES 
FOR CONTINUOUS OR BATCH OPERATION » » » ATMOSPHERE FURNACES 
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Timken Nickel-Moly Steel 


FOR MORE ACCURATE 
CARBURIZED PARTS 





The qualities that make Timken Nickel-Moly Steel so successful are qualities 
needed in all highly stressed parts subjected to severe wearing contact— 


such as; automobile ring gears and pinions. 


THESE QUALITIES ARE: 


UNIFORM CHEMICAL ANALYSIS 

ACCURATE GRAIN SIZE CONTROL 

HIGH CARBURIZING EFFICIENCY 
EXCELLENT RESPONSE TO HEAT TREATMENT 
HIGH CORE DUCTILITY 

STRONG RESISTANCE TO DISTORTION 
GOOD MACHINING PROPERTIES 


MA \\\\\\ 
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GOOD STEEL , 
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THE TIMKEN STEEL & TUBE COMPANY, CANTON, OH! 


Timken Nickel-Moly has met the severest tests in a manner unap- 


proached by any other type of carburizing steel. It will pay you 








to investigate the possibilities of this steel as applied to your pro- 


duct. It stands for better carburized parts at a lower finished cost. 
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4” ICATIONS OF ALUMINUM AND ITS STRONG ALLOYS So much for the immediate past. What can 
f the transportation field have grown with be said of the place the light metals, aluminum 
rdinary rapidity in the past five vears. An and magnesium, will occupy in the transportation 
landing example is aircraft: The types of of the future 
es in production in 1930 were analyzed by lron and steel will doubtless be the principal 
Bb. Johnson of the Air Corps, U. S. Army, and reliance of marine, railroad and automobile 
d to utilize one-third the weight of structure equipment for as long as most of us care much 
cessories in aluminum. Each engine on the about. Similarly, the light metals will be para 
e took 220 Ib. more of it. By 1935 thes« mount in airplanes and airships where weight 
tions had increased to over three-quarters must be saved regardless of cost Intermediate 
structure and 900 Ib. per engine. between these extremes are many applications 
Railroad passenger cars with considerabk where operating economies are more closely fig 
im appe ared in the 1920's, but prior to ured and obviously the future decisions will de 
applications were confined to roof, pend on improvements in the competing metals 
nd trim. Recently greater use has been and the price structure in the entire metal indus 
[| plates and rolled or extruded shapes of trv, ferrous and non-ferrous 
ralumin-type alloys. These allovs are frend toward light metal in truck bodies and 
ible with mild structural steel in strength, tanks has not reached a peak. Extremely light 
mit the maximum weight reduction whil or fairly heavy designs may at any time be di 
fn retains a necessary reserve of strength tated by new regulations promulgated by high 
me reasons have warranted similar con wav and bridge departments in this state or that 
for motor busses. lo date about 5000 Purchasers of aircraft. busses and (to a rrcalle 
ive consumed 21,000,000 Ib. of alumi extent) trucks know the economics of their trans 
t major material of construction portation services, and are willl lo pay | her 
e truck and trailer field the consump prices for the on nal equipment if thes in be 
luminum and magnesium allovs, begun than offset | lower operat costs 
s rapidly growing. Light weight con lohn Citizen. on the other hand. k: - litth 
Ss warranted by one or a combination tbout the over-all st of operati his autome 
wing factors: Pav load increased 20‘; ; bile and seldom cares. Low first cost will alway 
rements decreased; speed increased be an important factor in selling to him Lhere 
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fore a finished part made of light metal must be 
cheaper than an identical part made from steel 
in order to get any preference. Good looks may 
help swing the decision one way or another on 
exposed parts. 

With reference to the railroads, it is clear that 
the light weight passenger coaches have shown 
sullicient promise to whet the appetite of rail- 
road excutives for more. Of the real light-weight 
units, three types are now on trial: One is the 
stainless steel unit made of thin sheet material; 
another is strong aluminum alloy sheet with the 
airship type of construction; the third is strong 
aluminum alloy made along the more conven- 
tional lines of steel construction, Railroad op- 
erators, not being metallurgists, are more or less 
indifferent to the competing claims of these 
types. Phey are most interested in reliable equip- 
ment which will attract customers and be cheap 
to operate. It will no doubt take considerable 
time to determine the true economics of the situa- 
tion. Here again, the best answer for one region, 
road or division will probably be second best in 
another combination of circumstances. 

If we consider the transportation industry as 
substantially stabilized, which of course it is 
not, we may obtain a general idea of the future 
Aircraft 


equipment should perhaps not be used on the 


demand for its construction materials. 
average for more than five vears. The whole in- 
dustry with this assumption would be rebuilt 
every five vears. The average equipment would 
be about two and one-half vears old, and there 
should not be extreme differences between the 
old and the new. 

lle average automobile is about four years 
old New cars therefore reflect an eight-year 
improvement over the oldest 10°. in service. By 
contrast, ships, locomotives and rail cars must 
be called upon to last about 25 vears, and the 
new units are far in advance of the oldest 10 
Compare the Normandie or the Europa with a 
J0-vear old passenger ship, or one of the new 
stream-lined trains with a 30-vear old train, and 
the contrast is striking. 

Our transportation equipment must therefore 
be substantially replaced in from 5 to 25 years, 
depending on type and service. This rebuilding 
will be more on the order of the 1935 or 1910 than 
that of the older equipment; hence, more light, 
strong metal, ferrous and non-ferrous, will be 
utilized than obtains in the current structures. 

It even seems likely that the 1936 model 
motor cars, trucks, trains and ships will be re- 


varded some vears hence as having too little light 





metal for economic operation. This 
seems probable because the consumptio 
of light metal in the transportation field h 
more steeply than in other fields during 
ten years, and this equipment has been pu 
by those having the best knowledge ol 


cost of transportation services. 


Modern Metallic Arc Welding 


A MOST INGENIOUS SERIES OF EXPERIMEN 
been used to explore conditions exist 
the welding are at the research labora! 
A. O. Smith Corp. in Milwaukee and des 
recently by Louis J. Larson before a meet 
the American Welding Society. Shadows 
slow motion pictures and oscillograph 1 
have proven that when welding with bar: 
the end of the electrode melts and most 
metal is transferred in large drops 
enough to span the gap and cause a mom 
short circuit. These observational metl 
not show much about the modern met! 
welding with coated electrodes, and it is 
that the mechanism is then quite differs 
cause short circuits are comparatively ver 
Lhe experiments to be described wert 
on a 14-in. electrode, coated with a mixt 
silicate and cellulose, the are length being 


in. to 14 in., using direct current and el 


connected to negative pole. By passing 
ribbon of copper so quickly through such 
that it does not melt, it will come out covers 
a shower of tiny slobules of metal. If it is 
with a transparent sticky paste, so non 

impinging globules can bounce off, the ! 
number of certain sizes can be found. fF: 

one which is 0.010 in. diameter there are al 
of 0.005 in., and over 100 of 0.001 in., to sa’ 
ing of a multitude of even finer particles 

Next, by passing the ribbon throug! 
side, a good idea can be had of the nun 
these globules in unit volume. 

Speed of motion was determined ve! 
erly: Two horizontal ribbons, one exactly 
the other, and spaced a known distan 
(a “biplane”) were passed through th 
known speed. The distance a given | 
landed from the leading edge of the lowe! 
was then a measure of its slowest velocity 
est speeds observed were on the order 
per sec.; slow though this is, it is greatly 
cess of the speed of free fall for SO sho! 
tance as 0.010 in. 

rhe maximum speed was measured 
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ire. held as in overhead welding, back 
rth underneath a narrow slot in an iron 
d photographing the trajectory of sparks 
through the opening. The camera’s shut- 

s closed momentarily at 0.05-sec. intervals, 

| spark-track was a dot and dash from 
ts speed could be calculated at any place. 
the height to which the particles fly, from 
elleration by gravity (the principal stop- 
orce on particles say 0.010 in. diameter), 
om the decelleration by air resistance (the 
pal stopping force on particles say 0.001 in. 
ter), the size of the particles could be com- 
is well as the original velocity with which 
were shot away from the hot electrode. A 
ty distribution was thus secured for each 


roup; maximum speeds were on the order 


» It. per sec. 

Data as to size, number and speed of the 
s classifications were then available, and a 

re of the metallic conditions in the are can 
wn It is mostly open space that is to 

he particles are separated by distances many 
their diameter. Knowing also the amount 
tal lost by the electrode in a given time, it 
ilculated that about 90°° of it passed across 
joint in globules 0.001 in. diameter and 
Fine particles are present in infinite 
r, vet the amount of true metallic vapor in 
is probably a small proportion of this re 
10) 

\t anv rate, these fine particles of supe! 

metal must be protected from oxidation 
to the joint, and this is effective ly done 
vases and slags arising from the electrode 
When the same type of are welding 
done in a small closed chamber and the 

s collected and analyzed they were found to 
drogen and carbon monoxide in approxi 
equal volumes and a little carbon dioxide 
deal combination. 

Mr. Larson would venture no opinion as to 
metal passed from electrode to joint and 
other way, irrespective of polarity and 

When alternating current is used. From 

sources it was suggested that the heat is so 
concentrated at the end of the coated 

de that the iron is above 2450° C.., its boil- 
t, whereas conduction and radiation keep 
ter on the joint much cooler. On this as- 
n the temperature at the electrode must 
vh that violent boiling throws off a spray 
d slobules. Perhaps some physico-metal- 
mathematical expert can find some data 
surface tensions and compute the tempera- 


{pril, 1936; Page 35 


ture necessary to throw off particles of the size 
and speed actually found by Mr. Larson. If this 
supposition checks mathematically, someone else 
can tell us (eventually if not now) how to speed 
up welding by alloying the electrode with a sub- 
stance innocuous to the welded joint vet which 
will materially reduce the surface tension and 
boiling point of iron, or will itself boil out vigor- 
ously at a lower temperature, thus blasting the 


molten metal away in larger particles. 


A Mouse Squeaks 


A" ENGINEERS MICE OR ARE THEY MEN? 1 DON’t 

mean the renovating engineers, the human 
engineers, the traflic engineers and the other near 
artisans and near-professionals who are anxious 
to appropriate the honorable title. I mean the 
engineers who don't care whether they have a 
title or not, and belong to the national societies 
and are wont to sit long hours in hot smoke-filled 
rooms, listening to erudite expositions of earth 
resistivity, cosmic rays, allotropic transforma 
tions, or seismic disturbances. Are they mice or 
are they men? 

If they were worthy of the tithe enginee 
and the word man, would they endure a meeting 


room with ventilation zero, with temperature 


gradually mounting past 80, with humidity 
creeping up to 100 . with carbon dioxide reach 
ing the lethal point, fitfully dozing on racks of 


torture misnamed chairs? Assuming that tl 

cineers have heard of air conditioning and anti 
fatigue devices, would thev hire halls so vale 
quately equipped for creature comforts let 


alone for intense intellectual concentration 


Kxtenuating circumstances mav at times 
warrant such self immolation It may, for in 
stance, be thought necessary to hold a meetin in 
some backward American city, possessing only 


the pre-War conveniences, in order to stiffen the 
backbone of the local membership. Even grant 
ing that this is necessary and will be effective, 
why, even there, cannot these ingenious citizens 
devise some reliable means of communication 
between the lecturer and the magic lantern op 
erator’? With all that is known about telegraphy, 
tele phony, radio, television, and even aids to the 
hard of hearing why, oh why is it necessary to 
rely upon the ante-diluvian buzzer with a sticky 
button, a run-down battery, or a defective wire 
\re we mice or are we me! il say 

when a lantern slide flashes on the screen, when, 
as and if wanted, right side up and reading from 


left to right. Until then, mice. 
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THE QUESTION “WHY DO AUTOMOBILE COM- 


s**" 
» panies use such different steels for almost 





identical parts?” has been asked so many times 





it seems quite appropriate to list the materials 





used for some of the important parts of passenger 





cars and to give one person's idea of the reasons 





for their selection. 







the choice of steel for an automobile is al 
ways considered from three viewpoints, namely 
1. How does it function in service 








eeu 





2. Can it be processed and if so, how 






nomically ? 





3. How much does it cost? 


lhere 


viewpoints that one person cannot attempt to tell 








are so many factors influencing these 






why some other company chooses a certain mate 







rial the materials may be taken at face value: 
the reasons given here represent only the au 
thor’s opinion 

\ cursory view clearly indicates a vast dit 





ference in the tvpes ol steels selected for the vari 





ous parts and a still greater difference would be 


differences mm) 
Small 





noticed if small irbon content 





were considered differences in carbo 





nearly alwavs the result 





content ims 





section Ol 


ol differences il) SIZ¢ ol 
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CICSIOT ¢ 


By William Hl. Graves 





Wrat Sicel I. B.. 


or that part? 


eg Baran gavnnge yah 
| by the Detroit ¢ hay ter. Dat 
ln € nd reaso1 for the 
les r Oo nd vs g 
ind experience ¥ th the steel 
OAM 
S.A.E. numbers, which are all on a 10-poi 


bon range. It is rarely that an automobil 


pany buys steel on a 10-point carbon ran 





in using the data small differences must be p 


over but not without realizing their import 


Steels for Connecting Rods 


Car 1 1040; Brinell 19 
Car 2 1045; Brinell 217 
Car 3 X-1335; Brinell 207 
Car 4 P-1330; Brinell 248 
(al L040; Brinell 1 
Car ¢ 1040; Brinell 302 
While only three types are repres 


and high 
and sulphur) carbon in one 1040 m 
~ and in another 0.40 to O45 


haps O38 to 0.13 


(straight carbon. high manganese, 
OCOhest 
0.55 to O40 
Carbon actually specu 
P-1335 is 0.338 to O38 but in anothe 
different 


purchaser. 


nominally ol | Poo a 
to the 
Some of the rods are quenched and dra 


Phere ( 


this operation, name! 


rane i 


icceptable 


sive higher physical properties. 


one reason tor 


ils for a stronger rod than can 


tained with simple normalizi 


mstanes son rods have 


quenching medium, and because of Chief NMetallurgist bolts which must be q renches 
this, no attempt will be made to Packard Motor Car Co drawn for suflicient stret 
classify, thre Sher Is other th) 11) bv Detroit, Nlich. thre bolt 
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alized rods of T-1355 are probably 
wr fast machining 
‘Tsets the increased cost of this steel, which 
l0¢ per car (eight-cylinder engine). Of 
whining and tool costs vary consider- 
int to plant, not only because of different 
nt but different accounting methods, so 
companies making identical parts may 
two different conclusions as to the most 


cal material. 


Crankshaft (Cast Vs. Forged) 


automobiles 
ide from a straight carbon S.A.E,. 1045 forg- 
ted to Brinell 241 or 248. The sixth 


crankshafts in five of the 


it trea 
es an alloy casting. 

e advantages of the cast shaft are: (a) 
ished weight for certain designs; (b) less 
removed in machining; (c) fewer machin- 
perations and (d) harder bearing surfac« 
reed shaft, on the other hand, has (a) 


strength and ductility and (b) allows 


flexibility in 


design, particularly with 
line engines 

se few facts would point to the use of a 

v shaft providing the design of the forged 

ild be 


ist It so happens that crankshafts of 


altered to have suflicient strength 


t design, particularly those with in-line en- 


AAA 


1] 
th Il HA WT PULLER LUE 
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and less tool trouble, 


cines, cannot be so re-designed to have sutlicient 


strength without a completely new engine, and 


a new in-line engine designed for cast crank 


shafts would spread the center dis 


probably 
tances of the cylinders to such a length as to re¢ 
require longer wheel base, 


duce body space ol 


thus losing the cost advantages of the cast shaft. 


Piston Pins (Bar Vs. Tubing) 


ii} ide 


Piston pins are all carburized and 


from open-hearth steel, but of tive different com 
positions: Car 1 uses a straight carbon A-1020, 
rhea 


Rockwell C-60 hard: Cars 3 and 4 use mang: 


sulphur \-1314, C-60 or file 


0.90 manganese, high 


hard: Car 5 uses a 
S.A.] 1115, 


chromium, low cat 


sulphur 


Si leroscope SU: (CarOba U.So 


bon steel, scleroscope SO; while (ar 2 tavors 


nickel-molvbdenun, 4615, scleroscope 80 

Not alone are 
but a tubing is used by Car 6 where all others 
This difference and the different 


ments, different 


there five different analvses 
use bar stock 


analvses are due to design require 


methods of processing, different accounting 
and carburizing and hardening methods 

Design varies minor wavs, but it Is not 
likely, with one exception, that either the designs 
or loadings dictate the steel nalvsis All pins 


must have an extremely hard surface to prevent 


wear, be free from soft spots, and have suflicient 


strength. However, strength can be obtained 


outside diameter and 


steel 


more cheaply by varving 


wall thickness than by analvsis (Often 


times a certain design cannot be economically 
changed and it is desirable to continue with a 
more expensive material 

The question of tubing versus bar stock for 
and the 


materials is the 


piston pins is a matter of processing, 
economy of the two 


factor. \ 


tubing in larg 


relative 


deciding plant already equipped to 


hand 


new machinery to drill piston pins made 


production would need 
from 
bars, and the stock 
might be so small that it would not offset the 
sultabl 


saving from cheaper bat 


fixed charges and return a profit on the 
other hand, 
a plant not already equipped, or obsolete 
uubtedly do better 


cost of the new machinery. On thy 
with 
tubing equipment, could und 
with bar stock, not alone because of the compari 
son of cost of drilling and tubing, but also be 
cause of carburizing costs All piston pins are 
kept soft on th 


Ing carbon penetration on the 


inside; some method of prevent 


inside of the tub 


ing must be used and this increases cost and 


~ 


must be considered in determi g stock size 






























































The relative merits of tubing and bar stock for 
such properties as strength, wall thickness toler- 
ances, decarburization or grain structure are not 
considered important in the decision. 

Again, the different analyses used for piston 
pins, with one exception, are due to the last two 
reasons mentioned, namely, different accounting 
methods and carburizing and hardening practice. 

The weight of bar steel in piston pins for an 
eight cylinder car is about 4 Ilb., so the greatest 
difference in cost per car is one cent for the mate- 
rial cited. Either the high manganese or the high 
sulphur steels will drill faster than the straight 
At the Packard plant this differ- 


ence in man time is about eight seconds per car. 


carbon type. 


Again arises the accounting practice to deter- 
mine which is the more economical practice. 
Soft spots in piston pins have undoubtedly 
occurred in most plants, and as hardness is one 
of the most important properties of these parts, 
considerable thought has been spent to get it. 
High manganese and chromium help greatly in 
this respect and undoubtedly this fact has dic- 
tated the use of such alloy steels. Soft spots may 
often be controlled by certain carburizing and 
hardening practices, providing a “normal” steel 
is obtained, in which case the high manganese is 
not needed. It should be pointed out that in no 
case is the manganese below 0.707, except where 


other alloy is present. 
Camshafts (Carburized Vs. Cast) 


Camshafts are made from two materials. 
Cars 1, 3 and 5 use 1020, carburized, scleroscope 
7) or 80; whereas Cars 2, 4 and 6 favor a cast al- 
loy with chilled or hardened cams and bearings 
tested to scleroscope 75, file hard, or Brinell 418 
respectively. 

Carburized camshafts have been used for 
many vears and without service failures, so that 
any departure from this practice must have been 
dictated by costs. (This statement is not in- 
tended to detract from cast camshafts.) If cast 
camshafts are cheaper, “Why are they not used 


by all companies lo answer this logical ques 
tion we must again consider available machines, 
heat treating equipment and accounting methods. 
This has recently been done at our plant and the 
costs were not far apart. This is due to late 
equipment purchased for both machining and 
carburizing, and also because in considering the 
cast shaft the new machinery must be written off 
over a definite number of cars. This number is 


open to question and could change the decision 
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from one method to the other, so in this case | ys). 
ness judgment must decide. 


Transmission Gears 


Transmission gear steels would require sey- 


eral papers of this size to cover adequately the 
reasons for their selection, but this paper would 
not be complete without at least showing what is 
being used and the table does this. 

Rockwell C-5% 
Rockwell C-5: 
Rockwell C-52 


Car 1 4620 (Ni-Mo) 

Car 2 4640 (Ni-Mo) 

Car 3 3145 (Ni-Cr) 

Car 4 §6150 (Cr-V) Rockwell C-52 
}/C-Mo (alternative) 

Car 5 3145 (Ni-Cr) 

Car 6 5135 (Cr) 


Rockwell C-52 
Rockwell C-52 

It is interesting to note that only two cars 
use the same analysis. No attempt will be made 
to give the reasons for these selections, but as 
vou will note, some are carburized and others oil 
hardened, generally from cyanide or other medi- 
um giving a shallow case. It is the author's 
opinion that transmission gear steels of the fu 
ture will have a carbon range between those i 
present-day carburizing and oil hardening steels, 
treated to give a hard surface with a more shoc! 
resisting core, the better to withstand clas! 
tooth breakage and chipping. This choice » 


lower alloys and 


also introduce conseque 


cheaper transmission of equal or better qual 
Transmission Drive Shaft 


rransmission drive shafts in the various S 
are made from two general classes of steel, | 
carburized type and the oil-hardened typ: 
dictated by design of the transmission. Cert 
cars have a gear turning directly on the n 
drive shaft and in this design a very hard m 
rial is necessary; this can best be obtained 
carburizing. The alloy chosen is a matter of 
sonal experience, based on tests, service res 


past practice, shop processing, and first cos 


Car 1 1060 oil hardened forging 

Car 2 1620 bar stock, carburized i) 

Car 3 3140 oil hardened forging ( 

Car 4 errs bar stock, carburized i) 
or C-Mo\ kK, Cal 

Car 9 3140 bar stock, oil quenched ‘ 

Car 6 5135 oil hardened forging ( 


lfransmission drive shafts offer two 
hard to act 


roller bearing race on one end and a bearu 


problems, one, they must be 
gears in the center and, two, they must be st! 
ened after hardening. The hardness is nh 


ficult to get and almost any tvpe of steel will 


( 

















Increasing Loads Thrown on Rear Axle Shafts 
in Size, Has Forced the Metalluraist to Heat 

| Witt | I] i] j 

HHHHH i] / i HHT HN Hi Ht Hill 
AAA 


Without Corresponding I 
Treat These Parts After M 


ver, to straighten after hardening is an in the past to have id these 
roblem and it is this factor that usually nickel, 3 nickel and 5 
s the choice. The steels listed above are with those show! the table 
s answers, but because of the stiffness lhe strength of these gears w 
straight carbon or low alloys will gen- pletely discussed by Almen and Bor 
i A.SJTLM. meetu Det last 
work will begin to bear fruit 
Rear Axle Gear and Pinion again appear, or the inertia of past 
be overcome ( Number 4 ~ 
ears show far greater agreement molvbdenum for ri ears and pint 
than do transmissions. Nickel-molv! G is usil i straight cl m Dl 
ldlo or 4620, file hard or C-60) is the cears These st the a 
four companies for both gears. Car 1 cated and must | ‘ 
ne-vanadium 6115 or carbon-molvhb ‘ ist allovs of d 
le hard). Car 6 is far different from SEs < 
s. choosing the straight chromium 5130 
C-5)1 for ring gear with the chrome-vana Differential Side Gear and 
120, carburized to C-60 for the pinion S 
le gear steels have received much at ( ' 
vo reasons, distortion in heat treat ( 
strength of teeth Distortion has been 
ost aculk probl m and has, with few ( { ( 
s. dictated the material If 1 quict anil ( 
rule it has been best to ijet well ( 
If trouble is at hand a change may it ( 
ind there has been suflicient troubl s ( 
ipril, 1936; Page ) 








iris ecined tepe consisting of straight car. cml 


carburized type consisting of straight car- 
bon X-1015 and 1115, nickel-molybdenum 
1620, and chrome-nickel 3115 or carbon 
molybdenum; the other is the cyanide or 
oil hardened type consisting of straight car- 
bon 1040, straight chromium 01350, and 
chrome-vanadium 6135 or carbon molyb- 
denum. 

Ihe relative merits of carburizing 
versus cyanide or oil hardening gears is ae : 
acs sauna . — nnn iia oi , a Oe OUR 
again presented on these parts. | There is pert uns sty 
probably only one undisputed point on the ++ 14) bj te 4 


merits of these two classes of steels \ ++ f+ hdd 
namely, that carburized gears, regardless 4 Seas tT 
of alloy, will give a harder surface with less X : 
tendency to pit, score or break on severely pw } + 
loaded teeth. The production problems of 
distortion, costs of machining and _ heat 
reating are much disputed and different 
plants will have far different answers; 
therefore the choice between carburized or 
oil hardened gears rests with the design 
and processing costs of a particular plant. 
Choice of alloy or a straight carbon 
steel in either the carburizing or oil hard- 
ening steels may be dependent upon design 


where some thin section or small tooth re- 





quires a high strength alloy; on the other ——— 
hand, it is more probable that personal Bar Steel in Storage Must Be Individually Marked Wit 


preference and lack of sufticient test or Color Code for Instant Identification Throughout the Sh 


service data have governed the choice IAA 


Rear Axle Shafi 


is a fairly easy figure to arrive at throug! 


rs ; an a Se ise ene a 118 ice and test results; a ductility figure is mor 
Car 3 T-1330 (C-Mn) Brinell 363 certain and the different compositions chos¢ 
Car 4 Carbon-molybdenun Brinell 418 must be based on this property. There will 
Car o P-1330 (C-Mn) Brinell 340 little difference in tensile strength bety 
Car 6 1040 (Carbon) Brinell 302 
straight carbon 1040 and chrome-molybd: 
Choice is almost entirely dictated by the de- 1140 at a suitable Brinell hardness but the 
sign of the shaft and the load to which it is sub- tility can vary greatly. What ductility is n 
jected. This shaft is one of the few parts in the sary varies with individual ideas but in all 
car in which processing costs do not greatly affect more ductility is probably asked for tl.a 
the choice of the steel. Rear axles have changed actually needed. As the lower alloys and st! 
in the last few years from shafts heat treated be- carbon steels are improved in quality and 
fore machining to others heat treated after ma- formity there will be a marked trend tov 
chining. This change has been necessary because their use in rear axle shafts. 
of the largely increased stress on these parts. 
without a corresponding increase in size; any Steering Knuckle 


change in alloy without a change in processing 
and improvement by heat treating would not Che steering knuckles are in all cases f 


have answered the need. from an alloy steel either water or oil que! 
Composition chosen should depend on the and held at about the same Brinell hardness 
strength and ductility needed. Required strength to 302). Cars 1, 3 and 5 utilize T-1330 or 1 
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1130 (Cr-Mo). Car 


r 3110 or carbon-molvbdenum, and Car 6 


ar <. UuSesS 


manganese), ¢ 


130 (straight chromium). 


> 


choice of steel for steering knuckles is 

lv based on service results. Jecause ol 
riousness of failure, it would not be sur- 
to see a tendency for high alloys, but the 
do not show this tendency. This means that 
sign is overly safe; no one has every heard 
knuckle failure that was not due to an ove! 


or sone other equally obvious 


facturing defect. 


forging 


Ductility in steering knuckles is of extreme 
the 


ssarily puts the maximum stress at the junc 


rtance for two reasons. First, design 


of the body. 


is at best only a fairly large radius, and as 


wheel spindle and the main 


effect is less noticeable on ductile materials 
rly tt 


are 


Si material is chosen. Second, sharp 
frequently given to steering knuckles 
hit. Without good duc 
spindle would break off; if the 


bends and no serious accident occurs. 


R 
obstructions are 


the as is, 
\ steering knuckle is of odd shape and re- 
of 


therefore it is not practical to heat treat 


a considerable amount accurate ma 


machining, and the steel will be chosen to 


good machinability. 





irbon steel 


hit ( 
itl: rence 


face hardness obtained on a 


straig 


or an alloy steel would show any in 


wear in this tv pe ot service 


These parts fortunately are of a very simple 
design usually a straight pin with a_ hole 
through for lubrication and have no serious 


grooves or other sharp corners to produce notch 


clTect \s a result, the carburized parts have thy 
highest fatigue limit available and make for lo 
life. Certain pins do have notches and are kept 
soft at these places to prevent failure 

{ l 11 Ni-( C6 

( 2 120 Ni-M 10 Se ‘ 

( X\-1314 ( 

1620 

( j CM (Ni-M I l 

Ca \-10105 bre chi C-60 

Car ( 6120 (Cr-N File hard 

The composition chosen should be such as to 

vive the necessary fatigue limit for the stress im 
posed The higher the tensile strength the highet 
the fatigue limit, so a steel should be chosen with 
sulliciently high properties to prevent failure It 
is questionable, however, whether any of the 
designs now in production are so sensitive as to 


between straight carbon steel 


thr lifts renee 


and allov steel, if such is used 


show 


While the ductility MT , Steering Worm 
essary, together with LAA AA 
best) machinability, | ee Steering worms in the 
ld decide, these different cars are made 
perties are not always from nickel-molybdenum = ot 
ised the same In straight chromium steel bat 
rent plants, and this stock Cars 3 and 5 use 
ts for the differ- nickel-molybdenum 4615 car 
illov steels in use, burized file hard The others 
use straight chromium = O130 
Steering Knuckle Pin or 5135, hardened from cy 
anide to C-54, C-56 or fil 
Steering knuckle hard. This condition exists 
n all cars are carbu- probably because there art 
d trom bar = stock. two large producers ot steet! 
the steel composi- ing gears who have chosen thy 
varying from a materials listed above and 
ht Ca rbon up certainly with sood reason 
h the nickel- The automobile companies in 
bdenum. They must William a "denies = ae 1. turn have followed the lead 
rd to prevent weat says this paper could not have been writte regardless of the fact that they 
ust have excellent without data, criticism and suggestions make their own steering gears 
resistance. many metallurgists in the Detroit district, but This is because a steerin 
this discounts the information he himself h ; 

steering knuckle pins | nile ot Gio tateimite a Mihi gear is of extreme importance 
rule operate in during 17 years with Packard Motor Car ¢ for safety and no one wishes 


bushings, so it is 


kelv that the sur 


i change olf 


to take ch mces on 


this type. 
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Packard Front 1 nd; 


Jody Trim 





Phe alloy chosen is open to question, and 
the case of the carburized gears there 


tion that 


Is ho que S 


some of the lower allovs such as 


chrome-nickel, straight chromium, high manga 


nese or carbon-molvbdenum could be tried. For 


the gear hardened from cvanide the lower cost 
allovs also offer possibilith Ss. 
Quenching Practice 
Steel for automobil parts Is often selected 
to meet a certain quenching medium, and while 


this has not been discussed under each individual 


lorgings 


piece, it does play an important part. 
which are quenched and drawn previous to ma- 


chining are frequently heat treated in a_so- 


called “forge 
usually equipped for both water and 


shop heat treat.” These depart- 


ments are 
oil quenching but better prepared for one medi- 
um than the other. Thus a steel for certain parts 


made in great quantity, such as a_ steering 


knuckle must be chosen to quench in the avail- 
able medium. 


If oil rather than water is preferred, either a 


HA HMM A TAT 


AAT HI A 
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Stainless Steel Radiator Grille and 
Spring Steel Bumpers, Chromium Plated 
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gists are dealing with on only 20 parts. 








alloy must be used | 
With a 

carbons and lower 
but the big ol! 
all too ofte: 
Oil quenching, on the other hand, dos 


higher carbon or higher 
ihe full 
quench, 


physical properties 


lower alloys « 


used for the same properties, 


tion is quenching cracks which 
pear. 
cet all possible from the steel, and to get su 
hardness, alloys are 

Machined 


quenched in oil, for 


necessary. 
parts are generally, but not 


ways, three main rea 


(a) and most important is less distortion, 
shallow hardening and, (c) freedom from c1 
Shallow 


straightening and to avoid distortion. 


desired to air 
Unifor 


certain with 


hardening is often 


shallow hardening is more 


quenching steels than with water quenching steels 


Cracks are always a source of troub! 
water quenching machined pieces, usuall 


sharp corners and changes in sections. It is 1 
diflicult to hold the chemistry and grain struc 
of a water-quenching steel to sufficiently 
limits to avoid them. The safest way out is 


and oil, 
High Alloys Vs. Low Alloys 


The above discussion points out that hig 
used. It 


alloys and straight carbon s 


lovs are not commonly also presents 


view that lower 
will be used in the near fut 


more largely 


This is intentional and is due to the impr 


quality of all steels from the standpoint of 
ter physical properties and greater uniform 
composition and grain size, which results 
better 


through the 


finished product and fewer prol 
processing departments. 
This statement is made in the face of th 
that automobile design is still tending toy Is 
greater horsepower and less weight, which 1 
past has been particularly responsible for 
steel development. 

In a few cases the difference in cost bet 
designs has been 


If we 
mentioned 


two steels or alternative 
to point out certain working tools. 
sider 20 those 


parts, including 


gether with valves, chassis springs, and impo 
bolts, 


figure the difference in cost between the cli S 


omitting crankshaft and camshaft, 
and most expensive steel in each case, we 


This 


great considering the different designs and 0 


at a figure of about $1.60 per car. 


facturing processes, but based on the 1st 
mated production of 4,500,000 passenger ca! 


get $7,200,000 as the figure automobile me! 













on-Ferrous Melting 
by H. W. Brownsdon 


i from Journal, Institute of Metals 


POIN'! 


involves the prevention or causation 


sa@eTAL MELTING, FROM A QUALITY 
vi ot view, 
ons that lead to changes in composition, and 
suired control of composition involves many 
which may conveniently be grouped unde! 
s raw material, contamination, and refin 
ing melting 
st of the commonly used virgin metals are 
in a relatively pure condition, but danger 
quality point of view may easily be lurking 
stituents present only in the smallest quan 
While there are 


iz the purity as, say, 99.99 


many good reasons for ex- 
, it would be much 
helpful to know what the 0.01 consists ol 
define the purity of a metal in terms relating 
upurities present 
Vhen dealing with the question of impurities as 
« quality, the purpose for which the metal o1 
required must be kept clearly in mind, and 
irity which may be harmtul tor certain apphi- 
may be beneficial for others. Likewise, the 
f small quantities of impurities must not be 
lely trom their individual behavior, but 
their effect on the others 
use of scrap, an economic necessity, still 
complicates the problems involved rhe 
ip” implies something inferior; this is un- 
in spite of its being frequently the case, 
bserving greater care during handling and 
inv objections raised against its use would 
\ classic example is Professor Hutton’s 
manutacture of nickel-silver entirely from 
He obtained 


ible ductility and quality, despite the sensi 


the seale of one ton per day 


of this alloy to impurities, by installing a 
tundry, with tumbling barrels and centrif- 
ul by rigid scrap picking and inspection 
Vgen trom the air and water vapor and SO 
furnace gases have been common sources 
timination. Protective slags and electric heat 
usual preventives, but gases in metals still 
While some of the 


known, 


iuse of serious troubles 
Ol gaseous impurities on metals are 
Sition will not be clear until gas-free stand- 
available for bases for comparison 
blems involved in the production of a high 
melt have much in parallel with those faced 
surgeon or physician when attempting to cure 
lls and diseases. The melting pot is the 
§ table of the metallurgist, and it is there 


has to display his skill in curing the molten 


thei inherited o1 acquired diseases ( op 


per may suffer trom chronic hydrogen, bismuth, or 


oxide contamination; nickel from gas, sulphur, and 
lead poisoning; aluminum from the ill effects of a 
humid climate. Besides these inherited diseases cat 
ried into the melting pot, they may become further 


infected during the melting process. Melting need 


not be an entirely surgical operation, for in some 


cases medicinal treatment may be pre ferable and the 
ill effects of contamination countered by suitably 
chosen antidotes. Once contracted the diseases may 


and then, as always, prevention is 


prove incurable 
better than cure 

In some respects the difficulties to be overcome 
by the metallurgist are greater than those which the 
surgeon or physician has to tace. Diseases in molten 
metals more or less alfect the whole mass, and there 
may be no visual evidence of their presence or ot the 
success or otherwise of any operations performed 


The fact that 


penetrable veil over what is happening in the melt 


metals are opaque draws an in 


ing pot. Perhaps it is well for our peace of mind 
that it should be s 
Aside from thi 


oxide and dissolved Luases 


desirability of metal tree from 
the advantages ot a fine 
over a coarse crystal structure in either chill or sand 


While the 


some extent be con 


castings are tully recognized macro 
structure of the casting can to 
trolled by casting conditions, a similar, and in many 
cases more complete, grain refinement ca he ob 


tained by suitable additions to the molten metal be 


fore casting Zine is an excellent unple of a 
metal which tends to solidity in the torm of large 
crystals and in which a fine macrostructure is en 
couraged by small additions of such metals as ma 

nesium and lithium In such cases the added ele 

ments are generally of verv low solubility in the 
melt, or they form compounds of high melting point 


The effect mav reveal itself t i more marked de 
sree alter cold working and annealing 


An explanation may be based on the assump 


tion that small nuclei of insoluble compounds are 
formed in the molten metal before general solidifica 
tion takes place. As with all additions, some definite 
change in properties results, and in the case of zine, 
for example, it would bi ittribute 


the result to the formation of an alloy rather than to 


more correct to 


the production of a fine grain in pure zine 


In melting certain metals and allovs. stress 


is sometimes laid on the advisability of rapid melt- 
of superheating the metal to a certain tem 


Whil 


economic advantage, 


ne, Ol 
such procedures may be tf some 


thei 


peralure 
importance is dependent 
on other considerations and they may have no 
marked intrinsic values in themselves. When melt- 
ing under reduced pressure it may in fact be better to 
bring the metal to the melting point more slowly 
The degree of superheat can only be considered in 
relation to the metal and the conditions of melting, 
keeping in mind the effect of temperature on gas ab- 


sorption, viscosity, volatility and possible reactions 
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MASS PRODU¢ 
tion job of carburizing small uniform parts 
toa closely controlled case depth of 0.008 to O.OL0 
» parts were shake-proof tapping screws, 
used to fasten the soil pan under ; 
desirability 
continuous carburizing 
‘ec Maximum control 
and duplication of throughout 
problem we 


producibility in operation could be obtained with 
carburizing 


retort has spiral ribs on its inner 












be hy 


i s Nu nN a 


relative positions while in transit throug 
heating and carburizing zones of the retort 

\s a carburizing medium in this ty 
rotary furnace gas is especially suitable, 
it does not interfere with the work or inti 
any handling problems which a solid carb 
might. More important, it is controilabl 
carburizing elfliciency, rate of flow, pressurt 
availability. Low pressure city gas was fol 
be entirely satisfactory as received witho 
conditioning, control of moisture not eve! 
necessary due to its high methane content 

The slight tumbling received by thre 
while going through this furnace is an aid 


carburizing, since it prevel 


A. Comstock parts from being coated wil 


continually 


Nletallurgist soot which might form in ca 
Tool Works carburizing Cas for any 
Chicago should get out of balance. a 
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ts the formation of a stagnant film of gas 


work. 


Both of these conditions are ruin- 


iniformity in the carburized case. 


Furnace Construction 


rotary retort 


furnace 


similar to the one 


bed has been on the market for years and 


n very successful as a continuous reheatet 


ill parts for hardening. 


d satisfactory results. 


It gives very uni 


It remained only 


ot this standard furnace to the carburizing 


the 


SiTiee 


greater than 


temperature 
that 


required was not 


for hardening (for 


the original furnace was designed) to re- 


any fundamental changes. 


About a vear 


h a furnace was designed, built by Ameri- 





the retort is a high nickel-chromium cast 
ing, 10 in. inside diameter, and 6 ft. 3 in. long 
fhe driving mechanism has a variable speed 
control, thus regulating the rate at which the 
work is advanced through the furnace lt aver 
ages about 1 r.p.m., thus putting through the 
work in 25 to 30 min. Temperature is controlled 
automatically in two zones, the heating zone and 
the carburizing zone the analvsis of steel used 


is suitable for direct quenching into water from a 


carburizing heat of 1750) I 


Approximately 300 Ib. of screws per hr. are 
carburized in this furnace About 150 Ib. ts fed 
every 30 min. on time signal Lhe operator first 


extinguishes the flame at the gas exit by smothet 


it, then thre 


steps aside while he flashes the gas in the hoppet 


removes feed hopper cover and 


Ing 








Gas Furnace Co., and put into operation on with a torch provided. After this flash he is free 
iburizing of tapping screws at the main to throw in the previously prepared quantity of 
of the Illinois Tool Works. screws, re place the cover, and relight the gas 
\s revised for carburizing the retort is fit vent. Another charge is then made ready for 
an automatic trap door on the lower end, the next loading when the automatic time signal 
emptying the advancing charge little by again operates 
through the combustion chamber into a [Typical analysis of the gas, in per cent by 
le ading into the volume. is “as follows, 
neh. A special cover MTT n (nitrogen by difference) 
‘sv made for the iil 
ging hopper; the Gas) AT ENLeT AT OUTLET 
er is removed at inter- CH " — 
i { 16.0) 
s when work is to be CO ‘ Q 
hen replaced to keep CO 1.1 
iburizing gas en- - . ' 
d except during these HO . 14 
ntervals. This cover 
ited with a vent and For approximately 
for controlling the one-quarter of each revo 
the carburizing gas lution of the retort the 
ther times. The city trap door at its discharge 
tself is fed into the end is either open or 
it the center of the partly so, thus allowing a 
covering the dis- limited amount of prod 
end of the retort: ucts from the combustion 
s caused to travel chamber outside the retort 
the flow of the to enter the retort This 
d out through the nfiltering furnace gas en 
mentioned vent in = ters in ciose proximity to 
er of the charging Before Becoming Metallurgist for Illinois 1 the place where fresh cat 
\ manometer in Works, John A. Comstock was with People burizing gas is admitted 
Gas Light and Coke Co., where he acquire 
line shows the rate ertain fondness for aas as a heat treati lts analvsis is_ typically 
of carburizing gas, medium. His B.S. in Met. Eng. is from Univer 12 CO. with the balances 
S rate is controlled sity of Ilinois (1923 From 1927 on he | nitrogen and water vapor, 
ilve where the gas rye maprosiceie fo Rg Ym pose , ae ‘ ind the extent of this dilu 
he retort; 25 to 50 his time and efforts to th eadina tion is indicated by 
gas per hr. is re- Mm Mn crease in. the percentages 
Hl AA of H.O and N, at the out 
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let Addition of such a is in limited amounts carrving with it any excess carbon still 
and at regular intervals serves not only to dilut pensiol [his can be observed at the gas 
the rich cits is, high in methane, but to prevent md is an aid in regulating the amount 
the formation Of eXcess quantities oft soot ac vas SO as LO ivoid thre pont where fre 
Cordil tor thre reactirons formed the retort 
CO CH 20 mT - [he presence of water vapor in thi 
, hibits the cracking of the hydrocarbons t 
(() ( (0) , 
tain degree, as evidenced by the high 1 
Comparing the analyses of the city gas at CH, and the H.O content in the outlet 
inl ind the spent gas at outlet, a marked de the analyses quoted on page 45). 
crease in CH, and attendant increase in H, is 
noted. This indicates the cracking of the hydro Summary of Process 
carbons as follows: 
the features of such equipment and t 
CH » ( 2H 
burizing procedure as outlined above ca 
There is litthe carbon or soot deposited in briefly enumerated as follows: 
the furnace or on the work, due to the fact that 1. Continuous carburizing in rotating 1 
the vas is free to pass through the retort and out, the work slowly rolling through the heati 
carburizing zones and falling by gravity th 
a gas-filled chute into the que neh. 
HALL i: Sichind, tow gumcnete sity gon GO aesthe 
| ANA itl HH Ii | | | | Hi HAI | | HA a 2 | _ . ’ ’ 5" ™ —_ 











Photomicrograph at 50 
Showing Cross-Section ¢ 


Screw Thread, as 


Dic 
f Ca 


Quenche d,. 


of case required is 0.008 to 


Operator Has Removed Door Which Nor- 

mally Closes Retort Flashed the Gas 

Trapped Inside With a Torch, and Is Now 

I ling 75 Lb. of Screws Int the Charge 

Hop] iffer the second scoop-full is in 

he quickly replaces the hopper door and 

lights gas which emerges from the vent pipe 

Hl MiMi iit iit iii HN HN IN 

HI} HH HATTA TTT TH 


imeters 
rburized 
Depth 


0.010 in. 


carburizing medium. 
3. Dilution of carburizing gas with products of 


1c 


bustion, the ratio of raw city gas to products of comb 


controlled by a valve in the raw city gas inlet line. 


1. Depth of case controlled by speed of retort and 
perature of furnace. 
2. Concentration of carbon in case controlled by 


gas to products of combustion. 


of raw city 


a 


Witt 
HII 
|| 
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Cola Finished B. rs 


flats, shafting, shapes 


lity. and their close 


] { ] 
OnLY One of ve methods 
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C LD FINISHING FIRST APPEARED IN 1857 IN THI 
form of a cold rolling process for wrought 


invented and patented by Bernard Lauth. 
Later the same process was used on steel, pri- 
ily for shafting for power transmission units, 
whinery and agricultural implements. 
Cold rolling, as a means of cold finishing, 
gradually lost ground after developments in the 
ire industry disclosed that drawing the larger 
re sizes through dies produced practically the 
properties. Finally, 
ibout 1890, the two processes came to be con- 


same improved physical 


sidered interchangeable from the standpoint of 


effect, and although cold rolling was never re- 


pia 
I 


d completely and is still used for certain 
purposes such as wide flats, the principal method 
id finishing steel today is by cold drawing. 
the growth of the industry during the past 
irs is largely attributed to the rapid de- 
pment of the automotive, electrical equip- 
and machinery industries. The producers 
id finished steels have kept pace with the 
ess of these industries by providing stand- 
d special analysis steels in various finishes 
eatments to satisfy a di- 
d range of requirements. 
the present state of the 
d finishing of steel. gen- 
ised for bars and shaft- 
v be defined as the proc- 


By H. W. Graham 
General Metallurgist 
Jones & Laughlin Steel Corp. 
Pittsburgh, Pa. 


ess of reducing their cross-sectional area, without 
anv heating, by one of five methods: (1) Cold 
rolling: (2) cold drawing: (3) cold drawing and 
crinding; (4) turning and polishing; (5) turning 
and grinding. 

Cold finishing is employed principally for 
one or more of the following reasons: (a) Unus 
ually accurate size; (b) smooth or bright surface 
finish; (c) improved physical properties; (d) 
better machinability. 

Of the five methods listed above, items (2) 
cold drawing and (4) turning and polishing pro 
duce the largest tonnages, with cold drawing oc 
cupying the foremost position, This is true prin 
cipally because it is applicable to a wide range 
of sizes and a large variety of shapes, such as 
rounds, squares, flats, hexagons, standard and 
special sections. 

The selection of the method to be used is 
governed either by economic reasons, shape or 
size of the section, or the necessity to meet reé 
quirements characteristic for one of the methods 
For example, the usual practice is to cold draw 
smaller sizes of rounds up to about 35°, in. and 


When 


ever a superior finish or size ac 


turn the larger sizes. 


curacy is required the material 
is ground. Turned and polished 
bars. usually over 114 in. are 


furnished where hot rolled phys 


April, 1936; Page 47 





LAA “iii AAA 


a 


_ 


Standard Manufacturing Tolerance for 1-In. Cold "| n Soft Ste r Rounds Is 0.002 In.; Close 
Be Produced, Particularly on Ground Bars. (Photo by Margaret Bourke-White; courtes 
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erties and cold finished accuracy are 
d plus a finish that is reasonably free from 
rmal surface imperfections that are found 


rolled bars. 
Description of Processes 


neral 
tions present in the hot rolled product are 


Since any surface defects and im- 


tuated by cold drawing or cold rolling, it 
essary that the preparation of the hot rolled 
rial for such purposes be surrounded with 
precautions. In fact, the surface require- 
ts of hot rolled bars for cold finishing pur- 
ses are similar to those imposed on forging 
that is, the surface must be substantially 

from seams, pits and excessive scale. 
Prior to cold drawing, the hot rolled material 
s usually immersed in a bath of 4 to 8% sul- 
ric acid at a temperature of about 150° F. 
It is then 


il the scale is completely removed. 
ished and dipped in a lime solution, which neu- 
ilizes any acid that may be remaining on the 
rs and also serves as a rust preventive and a 
bricant in the drawing dies. Drawing through 

die, straightening, and then cutting to length 

mplete the sequence of operations. 
Cold Rolling — When cold finishing by cold 
the hot rolled bars, cleaned of scale, are 
assed repeatedly through a set of rolls, thereby 
subjecting the material to a light reduction in 
Cold 


imparts a bright surface finish, accurate 


pass, until the final size is obtained. 

size, and an appreciable increase in the tensile 

trensth with an even greater increase in the 
ld point. 

Cold Drawing In this method, a hot rolled 

of practically any shape, after having been 

leaned of 


ugh a die whose bore section is generally 


scale, is pointed and pulled cold 


n. to in. smaller than the dimension or 


thickness of the original bar. However, the 
unt of draft, 


', in., depending upon the analysis of 


so-called, may be varied from 


material being drawn, the hot rolled size, and 
physical properties desired. The effects of 
drawing are similar to cold rolling, the final 
luct having a bright surface finish and accu 
size, with its tensile strength and, particu- 

the yield point and proportional limit in- 

d materially. 

old Drawing and Grinding — For purposes 
the size accuracy, surface finish, straight- 
concentricity imparted by cold drawing 


ing and polishing are inadequate, grind- 


ing is resorted to after cold drawing. The phys 
ical properties of this type of cold finished prod 
uct remain unchanged from those of the cold 
drawn bar. 

Polishing Whereas cold 


drawing reduces the cross sectional area by sub 


Turning and 


jecting the bar to compressive and elongating 
forces, turning and polishing accomplishes thi 
same end by turning ,'; to ,); in. from the diameter, 
depending on the bar size, usually followed by 
a pass through a combination straightening and 
polishing machine. By this method, close accu 
racy as to size is obtained — similar in degree to 
that of a cold drawn bar — but the finish of the 
surface is somewhat brighter, and surface dé 
carburization, surface seams, and other minor 
defects in the hot rolled bar which are not af 
fected by the cold drawing operation are re 
moved. Since the steel has not been cold worked 
in anv appreciable manner, the physical prope 
ties of the hot rolled bar follow through to the 
turned and polished product. 

Furning and Grinding In this process thi 
hot rolled bar has its rough and imperfect sur 
face removed by turning and it is then ground, 
usually in the centerless type of machin Phis 
results in a product whose finish and characte: 
istics are similar to cold drawn and ground ma 
terial, except that the hot rolled physical proper 


ties have not been changed. 


Properties of the Material 


From the above discus 


various methods of cold-finishing may 


Size and Finish 
sion, the 
superiority 


be srouped as follows according to 


of size and finish 


ACCURACY QOuA 


or Sizi or FINISH 
Furning and grindi First First 
Cold drawing and grinding First First 
rurning and polishing Second Second 
Cold drawing Second Phird 
Cold rolling hird Phird 


One of the outstanding advantages of cold 
finished steel is the close tolerances that can be 
Standard 


tolerances have been agreed upon, and a printed 


maintained in size manufacturing 


list showing the limits for various sizes and 


shapes is available from any manufacturer o1 


large jobber. For cold finished steel rounds and 


shafting the undersize variation is 0.002 in. for 


1 in. rounds or smaller, and it increases with 


size of bar to 0.006 in. for a bar over 6 in. and up 
This is for 0.30 


to 7 in. carbon steel: harde 
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toler 
Vole 
ol 


stor Is (up te Qoo0 carbon) 1) ive unde VSIZ¢ 


ances increased from 0.001 to 0.002 


ances relation 


on flats depend on thickness, 

thickness to width, and carbon content. 
lhe degree of 

and special sections is comparable to the stand- 

flats 


hardness. 


accuracy produced in shapes 


ard tolerances for hexag and 


of the 


( lose I 


Gons, squares 


same cross-sectional area and 


ground rounds. 


size tolerances can produced when 


necessary, particularly on 


Cold finished bars are straightened commer- 


> it. 


held considerably closer; 


cially to within in. in Rounds for shafting 


are even better straight- 
ness requirements can be met by special process- 
ing in straightening. 


The 
physical properties that 


Physical Properties adjoining tabula- 


tion represents average 


result when hot rolled bars of the analyses listed 
are cold drawn one pass (about to -. in. re- 
duction on diameter). The data presented are 
general in nature, and should therefore not be 
interpreted as values necessarily obtainable in all 
cases, sizes, and conditions, 

Stress-strain diagrams of bars of three com- 
mon cold drawn grades give a general idea of 


the marked increase in tensile strength and par- 


ticularly vield point which occurs in this process. 


n«;nth 


Stress-Strain Diagrams for Three 
Tensile Strength and Especially the 





Common 


bensil 
point (or proportional limit) but since perm 
distortion is a function of the vield point 1 
than 
drawn materials is of vital importance 
plication to machinery. 
point is accompanied by 
and 

rially 


where 


between the extremes in vield point 


tion can be 








strength is not raised as much as thy 


of tensile strength, this effect 





uUpo!l 
in j 

The 
a decrease 
but not enough 
the ot 


higher yield points are 


Increase 1n 
in elong 
to ] 


mate 


reduction in area, 


interfere with such 
the 


A cold drawn bar of properties interme 


use 


necessary 


and el 


obtained by annealing or normal 


treatments. Of late, some attention is | f 
viven to the effect of “strain drawing” or “s! 
relieving” cold drawn bars by heating ther 
temperatures in the neighborhood of 500 


600 


Fr. Such low temperature treatments | 


practically no deleterious effect on the size o 


ish, 


and are instrumental in boosting the t 


strength and vield point without sacrificing d 


tility to 


any great extent. 


Because of the desirable physical prope! 


cold drawn bar stock is often substituted for | 


treated bars, 
to machine. 


since it is not as costly, and is easi 


In other applications where it is « 


sired to have heat treated properties along 


“Ac 


Types of Mild Steel Show 
Yield Point and Reduces the 


Wh 


on 


That Cold Drawing Raises the 
Elongation (and Reduction of Area 
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e accurate size tolerances, hot rolled bars may be 


reated in accordance with the user’s requirements 
en turned and ground, or turned and polished. The 
facture of highly machined parts from cold drawn 


to be subsequently case hardened or otherwise heat 


ed, is wide spread owing to its superior machinability 


re Sponse 


Vachinability 


| 


to heat treatment. 
Another 
ld finished material is its superior machinability as 


very important advantage 


ired with a hot rolled product. This depends upon 


il features including the fact that cold work induces 


proved machining quality in the steel itself. Fur- 
ore if steel is cold finished by any of the five stand- 
nethods, it performs better in the machine shop 


se it is free from hot rolled scale and is accurate in 
id has a greater degree of straightness. These ad- 
es are recognized generally by buyers interested 


ichining quality as indicated by the large percentage 


ld finished steels used, particularly for automatic 
machine work where the machining requirements 


ost exacting and severe. 


Inspection and Testing 
insure a cold finished product that will perform 
ictorily for the diversified application of its users, 
the 
ghest quality. 


for steel maker to furnish metal of the 


ecessary 
As previously mentioned, the stand- 
[ practice 


adopted for steel making, preparation 


spection of semi finished sections, and inspection 
final bar are the equivalent of those enforced for 


. ste ls. 


autions are making and rolling 


pipe 


taken during the 
steel to minimize chemical irregularity, seams, 


1936: 
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mind other detects, surtace ol ternal 
After cold finishing, the bars at 
spected close lv for these same detects, as 
vell as checked for size, straightness and 
out-ol round 

Lses of cold tinished steels have be 
come so Wide spre id that then appli 
tions are too numerous to attempt t 
over completely lhe more common 
uses are for spark plu shells, radio 
speakel cores, bolts, nuts and screws, 
gears and pinions, parts for typewriters, 
sewing machines, cash registers, and 
other light machinery, chain pins and 
rolls for silent chains, motor and trans 
mission power shafting, motorcycle 
crank axles, oil pump shafts and gears, 
piston pins, steering gear arms, bush 
ings, pins and worms, tie rods, wringe! 


and commutators In 
the 


motorevecles, 


rolls, gun parts 


dustries such as manufacturers of 


automobiles, sewing ma 


chines, typewriters, business machines, 
textile machinery, shoe machinery, agri 


cultural implements and electric equip 


ment are 


MMi 


particularly large consumers 








H. W. 
und Lau 


’ 
close student f carbon steels il ling the 


Graham is general metallurgist for Jones 


jhlin Steel or rp. He has ng heen « 


i wly bessemer screw st kK and (the 


group of cold drawn bars, shapes and sh 
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prayed Mi etal C oatings 


technique and properties 


\ branch of metal | tal has developed 
d Orancn OF Me@rmdiuurgie 4rTi KNOWN as meal sprayving las ¢ eveloped 
r 


faster in Lurope than In Americ a 


ar 
i 
] 
where until recently it has been ham 
17 : . . ' 
pered by onerous patent restrictions. Success requires the user to observe 
! . 
certain fundamental requirements, outlined in this paper .... Properties 


! 
of the « oaling and cost of the operation are also given for various metals 
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Ww" N A YOUNG MAN REACHES HIS 21ST BIRTHDAY 

he comes of age, and though he may have 
tried and studied much, his life is just beginning. 
So it has been with the art of metal spraying. It 
may not be entirely accurate to allocate 21 years 
to this development, but its “coming of age” is a 
true analogy. 

In 1910 a Swiss engineer, M. V. Schoop, pub- 
lished three articles (one in France, one in Eng- 
land, and one in the United States) on a new 
process for metal coating. He had observed the 
appearance of small lead bullets after they had 
been fired against his garden wall, and believed 
that at the moment of impact an actual fusion 
had occurred. While this is not exactly true it 
gave him the idea that atomized particles of hot 
metal, striking a surface at sufficient velocity, 
would form a coherent coating. 

In his first equipment a molten pot of metal 
was the source, and a small stream of it was 
broken into fine shot by a jet of air. This was 
patented by Schoop in the United States in 1915 
(1,128,058). This proved too bulky an equip- 


ment for general use. Consequently the com- 


mercial development has utilized a “pistol” or 
“oun” which melts a wire as fast as 

itcan be sprayed. This idea and the 
equipment patented in’ the 
United States by Morf (1,100,602 and 


1.128.175) at about the same time of 


were 
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By E. L. Mathy sun. 
First Vice-President 
Victor Equipment Co. said nothing about the care ful 


San Francisco 


Schoop’s American patent, according to Henry $ 
Rawdon in his valuable book on “Protective 
Metallic Coatings.” 

In the intervening 21 years the process and 
equipment have been perfected largely by trial 
and error method. Much of the development has 


occurred in Europe and England, under the 


watchful eye of the inventor. The result is that 
its applications are much more widespread ove! 
there than in our own country, and a very ¢ 
prehensive account is contained in a book by | 
H. Turner and N. F. Budgen on “Metal Spraying 
published in England. 

Such equipment has, of course, been avail 
able in this country, but unfortunately fo 
spread of the art, most potential American us 
have regarded the licensing fees as being 
high. We would estimate that in the last 
vears, since the expiration of the basic pat 
at least 1500 metallizing “guns” have been 
in America ten times as many as in the 
vious 20 years! 

Such 


rhe process has, in the past, sometimes fa 


a rapid spread also has its dan 


into the hands of promoters who advocat« dn 


spraving for everything unde! 
They have said that the pr 
is as simple as paint spraying, 
liminary surface preparation tl 
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iv. nor the nece ssity that the pistol and 
ry equipme nt be precisely regulated and 


t in action. Likewise, in an attempt to 
p the process, guns have been built which 
wire much too large to be adequately 
ind sprave d. It will be my effort to point 


me sound practices In metal spraying, as 


ped by many years of commercial experi- 


th the process. 


What Is Metal Spraying? 


(he metal spray gun is a device which feeds, 
tatically, a drawn wire of carefully selected 
eter. through a nozzle and a circle of small, 


melting 


se flames at a speed equal to the 
d of the wire chosen. 
(n air-driven turbine, built into the gun, 
es a simple geared mechanism which grips 
wire firmly and pushes it through the device 
nto the nozzle. The speed this air tur- 
is adjustable to conform to the melting rat 
e metal wires that can be used. 
\s the wire feeds into the circle of flames it 
stantly melted and carried forward by the 
bustion gases of the gas 
mes into the core of an air 
blast Each molten metal 
bule is then taken up by a 
ream of high pressure air and 
t against the surface to be 
ived. It is estimated that 
ese molten metal globules are 
eling at approximately 30,- 
100 ft. per min. or 300 miles per 
(he process, being a con- 
ious one, creates a stream of 
ly atomized metal globules 
ch lodge 


minute crevices of the prop- 


themselves into 


erly prepared surface we desire 
cover. 
From the foregoing it can 
ited that the success of the 
ition depends upon sev- 
COrre lated 


first place, we must sup- 


requirements. 
the gun with a stream of 


which remains 


ressed air 
cated im I ur pe 


first, in order to main- 


have been extensive 


the desired air turbine 
ind se cond to supply the 
d volume of air to atom- 
nd 


carry forward the 


oc 





EE. L. Mathy Entere 
Cutting Industry 


spraying on the 


may be characterize 
ferest in we lding, 


LN 
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melted metal globules. Given an air compressor 


pressure regulation 


of suflticient capacity and go 
which remains accurate, these two requirements 
are easily met 

rhe air must be free from moisture, oil 
dirt, and an air filter of a capacity of 35 cuLft 
should be 


point as near as practicabl to the 
Since the prepa 


per min placed in the air line at a 


“metalizei 
as the gun is sometimes called 
ration of the majority of surfaces which are to 
be sprayed requires sand blasting (as we shall 
see further on) it is well to have a compressor 
large enough for both purposes; one with a dis 
placement of 120 cu.ft. per min. is usually quit 
sullicient. 

the needed flames for surrounding the wir 
end and melting the metal are usually produced 
although other fuel 


by oxvgen and acetvlene, 


gases can be used for the more fusible metals 


such as lead, tin, zinc and aluminum, if they ar 


without extra trouble and expens« 


available 


Pressure, volume and composition of these gases 


must be constant, after regulation for the metal 


most 


being handled These requirements at 


easily met by oxygen and acetylene in cylinders, 


as prepared for welding 


pressure 1s controlled by 
WII : 


HA i} HH] 


regulators developed for 
welding. (For the required 
accuracy, the so-called 
two-stage pressure regula 
tors are preferable, where 
one stage reduces the de 
clining cylinder pressure 
to a more or less fixed fig 
ure somewhat above that 
required at the spray gun, 
and the 


this fairly steady pressurt 


second reduces 
to the required figure with 
precision.) 
Predicated 
designed metal 


upon a 
properly 
lizing gun and these othe 
easily obtainable require 
ments, the actual spraying 
is both simple and speedy 
d the Welding and 
1917. He was edu- 


and the operator needs no 


unusual skill bevond rea 


md had the good | 
‘ . ‘ * ; 
int In pressure and vol- fo watch the first developments in 


; nela sonable experience and 
ontinent, His travels the same degre of con 
devel ping wl 
sclentiousness as 1S eX 
aqaas a wortd-wide tl 
cutting and spraying pected good weld rr. a 


riveter ol i 


ae pe ndabl 


il i careful painter. 


~ i 
we 
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Structure of the Metal 


It would appear on casual thought that this 
method of developing a spray and discharging tt 
at high velocity by an air stream would burn the 
metal completely. As a matter of fact, each tiny 

lobule is doubtless oxidized on the surface, but 

the metal is protected more or less when it is 
hottest just after melting by the enveloping 
cases of balanced combustion. Its contact with 
ir is also very brief; if the nozzle is six inches 
from the article being coated, the globule strikes 
and cools within one-thousandth of a second. 
Likewise there must be a proper balance between 
heat and speed so that the finest particles of 
metal do not chill and solidify into a spray of 
hard shot. 

When these molten or plastic particles strike 
a surface at high velocity they spatter somewhat 

or at any rate flatten out into a very thin 
layer. The oxide coating on the globule and on 
the cold surface itself is certainly broken at the 


center of impact, and metal-to-metal contact re- 
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Spray Gun Melts the Proper Wire With Oxy-Acetylene 
Flame and Blasts Atomized Metal Against a Prepared 
Surface With Compressed Air, Adequate surface prepa- 
ration and a conscientious workman are pre-requisites 
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sults in a true weld at those points. A tru 

s also indicated by the very considerablk 
strength of these coatings (as described late: 
by X-ray studies at the Bureau of Star ds 
which indicated the presence of some bi 
copper-zine solid solution in a duplex < 


made of pure copper and zinc alternately 


Overlapping particles of metal will, of 
course, trap the oxide which has formed, 1 it 
is believed that this oxide rather thai ny 


porosity or blowholes is the real reason for th 
difference in specific gravity between a ray 
coating and the original wire. 

The arrangement of the tiny, flattened pai 


ticles may be likened unto the arrangement of 
fish scales each plate interlocking its nei: 


overlapping the one beneath and the whol 
ing an armor plate which protects and pres 


the material beneath. 
Preparation of the Surface 


If anything, the preparation of the su 
to be spraved is of even greater importance 
any other item of successful procedur \s 
point d out previously, the spray consists « 
tremely fine particles of metal traveling at 
mendous velocity. As these particles strike 
surface they are driven into all crevices al 
regularities which may be inherent in the 1 
rial or created by proper preparation. 

Depending upon the density of the ma 

be spraved, the base may require merel) 

fect cleaning, such as would be the case if 
were to be sprayed on wood or cement, or r 
sand blasting in the case of metals. Sand |! 
ing should be executed with properly se! 
sand or steel shot, as the case may warrant 
be done immediately prior to metal sp! 
since any subsequent collection of dust o1 
even finger marks, will prevent proper bot 

Assuming that we are “metallizing” a 
rod, the first coat is kev-locked to the blaste: 
face. Under a microscope the blasted s 
shows thousands of irregularities which ho 
metal laver; to get it into these little crevic 
metal must be atomized very finely. The 
ings follow the exact outline of the s 
spraved and the second coat when spray 
the same keved surface offered to the first 
Each succeeding coat is therefore securely 
to the previous coat which in turn is keved | 
steel base by the blasting this in addition 
incipient welding mentioned above. 

There is a limit to the number of coat 
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plied with equal ease, and it is not required 
of the 
in painting 


to do with thy hie at el 


to wait for the “drying” previous coal- 


ing as is the case (Limitations 


as to thickness have 


fect, as noted above.) 

The speed of coating depends also upon 
the particular type of metal sprayed. An 
average operator can cover an area ot trom 


30 to beyond 120 sq.ft. per hr. depending on 


the metal being deposited and the type of 
equipment used. 
Che table at the 


some idea ol 


foot of this pags 


CIVES 


costs. Figures do not includ 


surface preparation or overhead. “Spraying 


costs per hour” include the following 


, Labor (60¢ per hr.) 70% efficiency S086 

Coatings Can Be Sprayed on Rounds by Simple Me- Acetylene (32.75 i r 100 cu.tt.) 24 cuctt 0.66 

es Than Will Adhere to Flat Surfaces, for the Shrink- Oxygen $1.2 20 cu.ft 0.30 

Layer Grips the Curve Rather Than Tends to Peel ( Op re ssed air, 380 cu.ft pel hh O20) 
TH WNHHI Ih — 

HAA i HA rotal per spraying hour $2.02 


oC 


ipplied because each succeeding coat in 
pull the original coat 


| 


Li 


has a tendency 
from the steel base. For this reason we do 
ommend coatings hard metals on flat 


a thickness over 0.025 in. On shafts 


es to 
applied, 


rounds a greater thickness can be 


se the metal when deposited shrinks con- 


bly, and grips the foundation more closely. 


\ctual manipulation of the metal spray gun 


| WHI IIH Hill | 


he selection of the metal wire depends 


upon the purpose to be achieved and an appreci 
ation of the inherent quality of metals. Any 
metal which can be drawn into wire can be used 


for metal selection necessarily 


spraving but the 
depends upon what purpose the finished coating 


is to serve. 


Properties of the Coating 
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h the same as that of an ordinary paint Many failures in the past have been due to 
In Phi spray is passed back and forth lack of skill. knowledge or care on the part of 
ss the surface to be coated, 
l) pass deposits a certain Cost and Speed of Meta] Spy; ayving 
ess of metal. An average ° 
d of manipulation with what | 7 | 
called “standard, all-pur- Mv a! . : | “O86 ae f } 
juipment” will deposit ap- LPPayed . Zo} 2 p f 
itely 0.003 in. of the soft = ; —_ ad = a Soe Meee | | 
s. such as lead, tin and 4 
im; 0.002 in. of zine; 0.0015 ~ z Z, 4 
copper, bronze, and other 
s having a melting point i . 3 
of from 1000 to 2000° F. .s 
netals with higher melting VUrT , ; /.6 i J ha ~ | J ie 
such as monel, stainless : ‘ 7 is , — ps | ee ad 
ind carbon steel, will de- A alee Sih £ ae a ; | o 
t the rate of from 0.001 in. Mone/ mets . 5 1z . | 
12> in. per coat. These -— M 4 Z 
may be doubled when Hard Ste Mf qd > 7 
“high speed guns” for the M, 5. 7 
metals and “hard metal . . ' 
for the steels. As many . oe He ; J? Sf f; AM ; 
Ss are desired can be ap- ve V2 7 i 4 y a 4 , ' 




























the 


a stainless steel coat- 


of this 


ior 


the users process. Consequently 


thought, that 


would be of much use except against atmos- 


instance, 


1! 


pheric attack may be received with skepticism. 


As 


a matter of fact, ample experience is avyail- 


able in the records of many western oil com- 
panies indicating that pump rods, shafts and 


plungers, sprayed with stainless steel and prop- 
erly polished, are quite as resistant to corrosion 
and more resistant to abrasion than though made 
of solid stainless. Linings from 0.015 to 0.018 in. 
thick on the inside of pressure vessels have also 


satisfactorily resisted the action of hydrogen sul- 


phide solutions and gas. 
All the “hard” metals, carbon and alloy 
steel, as well as stainless, should be polished 


when spraying is complete to increase the density 


of the coat. On account of the difficulties of pol- 


ishing flat surfaces it should be recommended 
that hard metal coats be confined to rods and 
shafts. 


For tin coatings in the dairy and food indus- 
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High Speed Welding 


with low internal stresses 


wi uN 


by A. B. Kinzel 


& Steel Inst 
Welding 


British Iron 


Sympostum ¢ 


Condensed from 


n 


LOGICAI APPROACH, FROM THI METALLI 


A 


three fundamental requirements for any | 


viewpoint, indicates at once that th 
weld. First is mechanical homogeneity 

joint, frequently termed “complete fusion, 
implies that the surface of the material 
joined shall form a continuous liquid s: 
with the molten metal, generally added f 
welding rod. This does not necessaril 
complete liquefaction of the surface of th: 
rials to be joined. 


Consider the joining of steel plates b 



































try 0.015 to 0.020 in. of metal is needed. Of zinc welding. If the plate is completely fused 
given depth from the o: 

surface, the fused m 

Properties of Sprayed Coatings Puen Gee plate Sevens 2 

Oe oe alls “ta aT” Or yaa solution with the fused 

prayed Loating | Pure Mets), Last & Annealed’ rial from the rod, but th 
| r nie a Cif Metal Genastion| St ates | Specific junction between the plat 

| Strength | Gravity | n 21 | tre gth | Gravity what is later considered 
ae | . = 5 i; eentiag E rarer sy geawe weld metal takes place al 
2 4600 | 64E Be 5O000\ 2.14 

: 100 | 244 - J 45 15000| 2.7 surface at which the mat 
1400 | a4 Copper 58 | 32000\ 894 is between the solidus 

4 F501 | ¢ in 80 | 3,000 | 750 liquidus temperatures, 

95 Lead 64 2,000 |. 54 rather nearer to the s 

| $750 i 54 Brass 60 45,000 | 6.47 Thus, there would seem 

no virtue in melting a 

preciable portion of the 

coatings we recommend 0.006 in. for general at- material. It has also been deemed necess 


mospheric conditions and 0.010 in. for salt air or 


salt water. For lead coatings to protect against 
sulphuric acid gases in blowers, fans, and venti- 
lating equipment, we recommend 11% Ib. of lead 
per sq.ft. or approximately 0.015 in. thickness. 

Lead and tin coatings should be wire brushed 
between coats to increase the density of the 
metallic deposit. 

Finally some figures on the tensile strength 
and ductility of sprayed coatings are given in the 
table above, as determined from work done at 
the of The 


method used was to spray a thick coating on a 


California Institute Technology. 
surface, strip the coating by chemical means, and 
the of 


sprayed metal in an appropriate tensile machine. 


then place resulting specimens pure 
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melt the base metal in order to ensure t] 
junction surface shall be free from oxide ! 
inclusions originally in the steel or forme: 
ing heating. 

This brings us to the first principle | 
in the development of high speed, high q 
autogenous welding, namely, the producti 


' 


clean junction surface on the base meta 
minimum or even negligible melting of the 


metal during the operation. This, in add 


attempts to overcome the limitations ol! 
transfer from a single oxy-acetylene flan 
the metal, has recently led to three d 


ments: 
1. The use of preheating flames on tl 


and scart. (Continued o1 

















| NR 


Shallow Hardening 








factors causing it 
An_ extension of in article ix t| f 
critical rat of cooling, split tre ns| I nd é t th 
rmation, showing how the latter is influenced by quer 
ng conditions, carbor ind alloy content! nd grain. siz 
| cn KANO 
i iE ARTICLE IN LAST MONTH'S METAL PROGRESS cooling rate, as represented in this diagram by 
brief historical resume of the hardening the difference at the center of a 13 and a ll mm 
was presented, ending with a generalized evlindrical specimen, the upper transformation 
ment that the hardness of steel after quench disappeared. By the change in slope of the lower 
g is due to at least three factors —- the allotropic part of the curves, these authors inferred that the 
sformation of gamma iron to alpha iron, the transformation was depressed and occurred at 
¢ out of solution of carbon and the forma- 979 F. or below. Specimens cooled at this rate 
f iron carbide. Much light on these chem- were found to be as hard as they could be made 
nd physical reactions in steel has recently by direct quenching, and to be completely mar 
shed by extensive studies on the influence tensitic in microstructure. 
quenching rate, the temperature of the From other considerations these two pionee! 
ng medium, and the carbon and alloy ing experimenters concluded that) specimens 
so that a detailed account of the in cooled at or near this transition rate possessed 
f these factors can now be given. ‘wo critical temperatures, the one at 1200° 1 
the first work on this phase of the problem which they called Ar’ and a lower one at 575° I] 
rdening and which appears to be the (Ar”) or less. Regions in the steel cooled at this 
ner of a number of researches reported intermediate rate were of greater hardness than 
was that of Portevin and Garvin in 1919 when more slowly cooled, and when examined 
sing cvlindrical specimens of various diam microscopically were found to be mixtures of 
ind accurately measuring the rate of cool- martensite and a dark-etching constituent com 
hese investigators found that with slow monly called “troostite.” 
f cooling a transformation occurred in the As before mentioned a still faster rate of cool 
rhood of 1200° F. and resulted in a soft ing caused the higher critical temperature during 
en. (The diagram Fig. 31 cooling to disappear entirely, so 
r paper before the British By Francis B. Foley that a single transformation into 
d Steel Institute in 1919 is Superintendent, Research Dept martensite occurred at 975° | 
ced on the next page.) The Midvale Company or below, and the maximum 
t rather small change in Philadelphia hardness was attained 
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This work of Portevin and Garvin gave rise 
to the 
Each composition of steel was then found to have 
had to be 


ceeded in order to produce complete hardening. 


conception of a “critical rate” of cooling. 


its peculiar critical rate, which eX- 
Their designation Ar’ was widely adopted for the 
transformation occurring at the high temperature 
during cooling which resulted in a sample with a 


much softer surface. It was accepted 


ao"; 


of Mining and Metallurgical Engineers, gay ( 
results of his investigations “On the Rate ot 

Solid Steel.” Bain 
Garvin, that 
temperatures in the region of the highe: 


in showed, as 


action 


Portevin and transformatio! 


point, took place completely and with great 1 





itv, whereas those occurring at the Ar” point 


comparatively sluggish in reaching compk 





that hard martensite formed at the 
lower point Ar”. It was observed by 
Portevin and Garvin that the reac- 


tion time — that is, the time required 
to complete the higher temperature 
transformation —was_ very _ short, 
and that it required very rapid cool- 
ing to suppress it. On the other hand, 
the transformation from austenite di- 
rect to martensite at lower tempera- 
ture took a very much longer time for 
its completion. 

Their specimens were plain car- 
bon steels and covered a wide range 


ot it 
that the critical rate of cooling (the 


carbon content: was observed 














rate necessary to suppress the upper ne ec oel.s 
transformation and so to produce Portevin and Garvin's Cooling Curves for Cylinders « 1 
: . Carbon Steel, Quenched in Water From 750° C. ¢1400° J ] 
complete hardening) was slower for . 
: 7 fion of Ar” was tinferred from gradual change in direct 
steel with about 0.85°O carbon than lower part of curve; the more gradual curve for the 14-mm. s} 


for steels of either higher or lower 
Diameter 


Mn 


carbon content. In other words, so- 
called eutectoid carbon steel of 0.85' Hl 

Ill 
Chey = 


further observed that the manganese 


Ht 


WAH 
Hill | 


carbon hardens most readily. 


in a plain carbon steel had a marked influence 


on its hardenability. For instance, a_ sieel of 
O40. manganese hardened much more readily 
than one with 0.25',, the carbon content being 
the same in both cases. 


The above ideas were contained in the phrase 
“split transformation,” which came into use, and 
this work of Portevin and Garvin was confirmed 
by French and Klopsch in their very thorough 
at the 
United States Bureau of Standards, and reported 
to the American Society for Steel 
1924. They also found that the Ar’ point did not 


suddenly disappear when quenching faster than 


investigation of quenching media made 


rr lreating in 


a certain rate, leaving only the single transfor- 


mation point, Ar”, but was gradually lowered by 


increasing the cooling rate until it reached the 
temperature of Ar thus producing a_ singh 


change point on the curve. 


Kight vears later, in 1982, Bain, in his Howe 


Memorial Lecture before the American Institute 
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men ts shown dotted below the curve for the 13-mm. sj 
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of specimen and time from 700° €, 200° 


(This with the 


films taken by Wiester and reproduced i 


is not incompatibl 


1 


_ 


Progress in February, 1933, wherein li 
that austenite transforms direct to martensi! 


“fits and starts.” Fairly large areas will 


form completely in less than 0.05 sec.. b 


areas do not grow; other regions transfor 


after a considerable time. The complet 
formation of the entire cross section 
600° F., will take days.) 


In this research Bain quenched his s 
at 
tained the specimens at these temper 


into baths certain temperatures and 


} 
it 


varving lengths of time and then cooled 
very rapidly to room temperature and 
microscopic examinations. He thus was 
determine the rate of transformation, a 
time required for the entire metal to trans 
completely at all temperatures through 
cooling range. It was found that the 
structure which resulted was characteris 
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perature al which it formed —in_ other 
that a steel which was quenched in a bath 
mperature between Ar’ and Ar” and was 
to be completely troostite, had not first 
rmed to martensite in cooling and then 
further changed to troostite, but that 
nplex structure called troostite formed in 
se directly from austenite. 

in carried his work further in investigating 
idening of steel and the latter work was 
ted in his 1932 Campbell Memorial Lecture 
the American Society for Steel Treating 
ictors Affecting the Hardenability of Steel.” 
vork dealt largely with depth of hardening 
s influenced by various factors including 
sition and grain size. This work was very 


Mmm I 
NTH HH 
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helpful, for most of us are aware of the fact that 
certain steels of roughly (1 do not say “exactly”) 
the same composition behave quite differently in 
hardening, and have become acquainted with the 
terms “normal” and “abnormal” as they apply 
to steels. 

“Normal” steels appear to be steels having a 
relatively large grain size and which, when they 
have cementite as the excess constituent (as in a 
carburized case) show the cementite network to 
blend directly into the cementite plates of the 
pearlite. “Abnormal” steels, on the other hand, 
are usually characterized by a small grain size, 
and when they have a cementite network it does 
not blend into the cementite of the pearlite, but 
the cementite plates in the network are bordered 

by ferrite. “Normal” steels are, as a rule, 


deep hardening steels and “abnormal” 


IHIHHNI HHH 
IAA steels are shallow hardening Aside 











from the influence of “normalitv” Bain 
has found that fine grained steels have 
a higher transformation point (Ar) than 
coarse orain d steels (rate of cooling and 
other factors being equal) and by virtue 
of this they must be cooled more rapidly 
for complete hardening—in other 


words, fine grained steels have a lower 











degree of hardenability, or are shallow 
hardening. 

Che normality or abnormality of steels 
is usually determined on specimens that 
have been carburized in a standardized 
way and so as to produce a_ hyper 


eutectoid case. Grossmann has shown and 


Bain was able to confirm that it was pos 
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4 : sible to change the structure of a steel, 
' known to be abnormal after ordinary 
ee D Y carburizing, to a normal structure if il 
moostitesMartensite | Martensite/-Austenite were carburized in a carburizer that 
— : ‘ prevented the access of oxvgen to thy 
= stecl bhev both conclude that oxvgen 
ae “a is conducive to abnormality and Bain 
V classifies it among elements that causs 
7 shallow hardening, along with tungsten, 
f cobalt, molvbdenum, and vanadium 
/ Manganese, chromium, nickel, silicon, 
and aluminum he classifies in the ordet 
iven as promoting deep hardenin 
( Rates, Tem] es | Effect of Insoluble Carbides 
s and Hardnesses r 0.9% ( 

~ wh p : —s ath rO0 lo the majority of heat treaters the 
" } rR c statement that tungst molvbdenun 

ind vanadium cause shallow hardet 


t SUrprisé oO soy 


must come as a distin 
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the very least. It seems more than likely that, 
within limits, all elements added to steel increase 
depth of hardening. The appearance of shallow 
hardening may be due entirely to the fact that a 
fixed testing procedure (with respect to the 
quenching temperature and time) is maintained 


without proper regard to the effect of the added 


element on the temperature of solution — that is, 
the transformation range or on the time re- 


quired for the solution of the carbides in the 
austenite. 

Portevin and Garvin arrived at the con- 
clusion that carbon decreased the critical rate of 
cooling of steel until it reached a minimum with 
the eutectoid (0.85 to 0.90°, 
with further increase in carbon the critical rate 


carbon) and then 
was increased. This conclusion was valid be- 
cause they used a quenching temperature of 
1400° FF. (760° C.). Now all the carbide of iron 
existing in a eutectoid steel is in solution at 
1400° F.; however, in a steel of say 1.45%. carbon 
all of the carbide is not in solution until a very 
much higher temperature is reached. Conse- 
quently when a 1.45‘. carbon steel is quenched 
from 11000 F, 


perature contains a multitude of nuclei in the 


the austenite existing at that tem- 


form of carbide particles from which transforma- 
tion readily starts during cooling. 

In the case of steels containing tungsten, 
molybdenum or vanadium, the carbide is not a 
plain carbide of iron but a more complex car- 
bide containing some atoms of the added element, 
carbides are much less soluble = in 
If either the 


temperature is not high enough or the time not 


and thes¢ 
austenite than plain iron carbide. 


long enough they remain partly undissolved, and 
act during cooling as nuclei for promoting trans- 
formation. 

The use of aluminum for a deoxidizer when 
refining a heat of steel suggests this same idea of 
nucleation. In this case the finely dispersed par- 
ticles of alumina in the steel may act as nuclei 
for the formation of numerous small crystals of 
austenite during heating, in the same manner that 
undissolved carbides act as nuclei for the start 
of recrystallization during cooling. Hence an 
aluminum-killed steel tends to be fine grained 
and shallow hardening. 

Houdremont shows (in some recent work re- 
ported in a paper read last vear before the 
American Institute of Mining and Metallurgical 
Kngineers) how the solubility of vanadium and 
tungsten carbides in austenite affects the depth 
carbon 


of hardening. In a steel containing 1 


and 1° vanadium, when quenched from tem- 


Vetal | ’rogres s: 


peratures up to about 1782° F., the hardenip 
was shallower than in a plain carbon stee] o§ 
1‘. carbon, but when a higher quenching 
perature was used, the vanadium steel hardene, 
more deeply than the carbon steel. This wa 

due to the production of a coarser grain in th 


vanadium steel quenched from the hig! 


peratures as a matter of fact, the hardene. 


vanadium steel was extremely fine grain 
but to the slower rate of solution of the car! 
Houdremont reaches the following conclusi: 

“In steels containing such special carbides 
(vanadium and tungsten carbides) an increas 
in hardening power and a material change in t! 
critical rate of cooling in comparison with pla 
carbon steels is afforded, entirely because of 
solution of the special carbides.” 

Quenching from a_ temperature - sli 
above the transformation will harden a sha! 
zone in these alloy steels, not only becaus: 
relatively insoluble carbides are present as 
clei to start the transformations promptly vy 
cooling in the quench, but also because ther: 
reduced amount of carbon in the austenite at 
time of quenching. This decrease in the am 
of carbon normally in solution is, of course, 
to the presence of a large amount of it in the 
of undissolved carbide. 


* * * 


Many more interesting considerations | 


ing on this subject might be brought into 
article. Perhaps enough has been said to 
line the development of two stimulating con 
First was the idea of the split transformat 
that austenite transforms directly into 
pearlite or troostite at temperatures below A 
and above Ar”, and that austenite transt 
directly into martensite at low tempera! 
Second is the idea that time is a factor in tl 
reactions or transformations in solid steel, 
is influenced not only by temperature and 
composition, but by austenitic grain size an¢ 
istence of crystalline nuclei. The metal 
who would safely heat treat steel to its ull 


properties must bear all these matters in m 
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notes on the new art 


Some metals like molybder im and tungsier re so re 
f ] f 

fractory that they can only be prepared [rom sintered 
powders. [his process has beer apy lied io mixture: 


metallics and non-metallics ( bearii is and hard carbides ) 
and to maanetic alloys and | x} ires O] rye als which 
Luss hax cated anil dak Mla of tekadl 


with interesting properties ar leW poss s of the 


rt 


AAU i 


p WDER METALLURGY IS THE ART OF PRODUCING centrating and preparing tungsten and molyb 
from powders by hot or cold compression a denum ores for the electric lamp trade Both 
ed product, which upon subsequent heat these metals have such a high melting point that 
itment shows characteristics not generally the refining by melting is uneconomical. No hig) 
tainabl by orthodox processes. It allows us frequency furnaces existed in those days; S000 
ring together elements of various densities Ff. for molybdenum and 6500° F. for tungsten ar 
is graphite and copper and various melting even today uneconomical for mass production 
such as silver and molybdenum. It al The concentrated ores were therefore reduced by 
us to combine metals and non-metals suc h chemical processes to oxides and then reduced to 
s carbon and tungsten. It allows any desired metal with carbon or hydrogen This metal was 
tv of the finished product to specified dimen in verv finely divided form powder! and the 
within very narrow limits, eliminating utilization of these powders, not as additions but 
ning It reduces to a minimum the ad as individual metals, gave the start to the art of 
of gases during the manufacturing powder metallurgy 
ss. eliminating blow-holes and fissures, hot Difficulties of the early workers in this field 
ind like defects. In fact, it is an art were myriad. Early efforts resulted in bindin 
is to plastics. the finely divided metals with molasses om 
wever, let nobody get the idea that we pressing the mass and relyin ipon the hea 
re a panacea, an open sesame which will sintering to eliminate the binding agent \ 
ize the whole structure of metallurgy number of binding agents were tried: sinteri 
metallurgy has still a great many limita various atmospheres followed and fair result 
dit will be many years before these limi were obtained. Then began a close study of gra 
in be overcom«e SIZ ind rain structure: a study of 
trude a personal note, my | By Charles Hardy methods of compression, and diffe: 
tance with powdered metals President ent tvpes of furnaces. Comparative! 
k to early in this century, Hardy Metallurgical Co. recent! unportant companies ha 
in ore dresser | was con New York transterred operations to ur cond 
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tioned rooms; the finely divided metals attract 
moisture so readily that damp weather actually 
prevented operations. Cleanliness is also es- 
sential, 

fungsten and molybdenum are no longer in 
their “teens”; chemists and metallurgists have 
studied them and a literature is available. Powder 
metallurgy, however, as it applies to other metals 


is still very much in its infancy. 


Producing the Powder 


\s the ultimate usefulness of this new art 
cle pe nds upon powder, let us start with describ- 
ing the ways of producing powders. There are 


mechanical processes like crushing, grinding, 
stamping solid metal; chemical processes like 
precipitation from solutions or reduction of com- 
pounds; there is also the electrolytic deposition 
of finely divided metals. 

In crushing, grinding and shot making, the 
vrain structure is not very suitable. Powders 
produced by stamping are very flaky and if com 
pressed alone cause laminations and thus weaken 
the finished product. Hence the principal metal 
powders are produced by electrolysis or reduced 
from their oxides by gases. In oxide reduction 
sreat care must be taken to ensure purity of the 
oxide itself; inclusions such as iron oxide, silica, 
or alumina, cannot be eliminated in subsequent 
processes; they stay and not only prevent a 
homogeneous mixture, but endanger the finished 
product. 

Next in importance is the control of particle 
structure, particle size and mixture, or distribu- 
tion of sizes. If all particles were alike, say 
pea-size, there would be too many interstices, the 
volume of a given weight would be far too great, 
and the entrapped air would be difficult to get 
rid of It is therefore essential to determine the 
srain assortment, and this varies with the ulti- 
mate use for the powders. Buyers’ instructions 
call for definite mesh assortments as, for instance, 
“Nothing coarser than 150 mesh, gradually reach 
ing $25 mesh, but in any case 30°o finer than 325 
mesh,” or, “All passing 325 mesh.” A powder of 
the latter specification contains, of course, a great 
many particles of very minute size and the entire 
mixture has the necessary variation in grain size. 

Next in importance to grain assortment is the 
weight of a given volume of powder. This is 
called apparent density. A definite density is 
aimed at for each application; starting from the 
apparent density of the powders, one has to cal- 


culate whether the compression ratio must be 





“nnn 





Particles of Chromium Powder and One R 


tively Large Flake, Magnified 500 Diamet 


"nnn 


2 to 1,35 to 1, or any other ratio in order to 


the desired density of the finished article, } 


wise no continuous operation can be cor 


plated. The manufacturer of the powders 
not only be able to determine and to contr 
particle structure and size as well as the ap) 
density of the powder, but he has also th: 
lem of varying these characteristics accord 
the requirements of his customer and to d 
economically. Screening alone will not d 
would be left with too large an over-s 
under-size thus making his operation q' 
economical. 
In the 


denum powders, the method of precipita! 


production of tungsten and 


been so care fully studied that through co 
the time element and of heat at the time 
cipitation, grain sizes in the exact proport 
demanded can be produced. In the el 
deposition of metal powders, control of 
density, temperature of electrolyte, prop 
ate size of anode to size of cathode and th 
an addition agent have allowed the produ 
shaped powders 


a variety of differently 


powders of varying density. (For instan 
possible to produce copper powders wit 
parent densities ranging from -1 to 4.) TI 
ference in density is of the greatest imp: 
when very light material such as po 
graphite has to be mixed with the me tal 

The next step is the mixing of the | 


ready for the dies, where more than on 
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d for in the finished product. Powder 
applicable for 
Nobody 


compressing powders to make an ingot 


parts 


vy is particularly 
from several elements. would 
r an ingot of copper, except for investi- 
i] purposes, although this is the economical 
prepare a mass of tungsten. 

almost all cases we have powders with 
lifferent densities and unless the mixtures 


rv homogeneous a uniform finished article 


HT 
Ninh 





a 








Pure Iron Strip, Made by Press 


lron Powder Heat Treating, Roll- 
innealing. Magnified 200 diameters 


iil STEHT TVANNNHAHIIIITVTTTUHUUNHUHAUUUIITHIUII WH 
AAA HATA NATTA 


be expected. For that reason the powde rs 
rally mixed in tumbling mills or continu 
sieved for a long time from one to 24 hr. 
it each particle of one metal or non-metal 
ose to each particle of the other. Often 
ing operation takes place in a mill o1 
i hvdrogen atmosphere. The art has 
well perfected that discs, after compres 
cut into five parts and each part sepa- 
ilvzed by the Bureau of Standards; the 
difference did not exceed the analytical 


{ the method used. 


lechnique of Compression 


a required 
I stated 


allows the 


ire now re ady to measure 
v, fill the dies and compress it. 
slv that powder metallurgy 
rmination of the density of the finished 
is an oil-less bearing. Ly nsity can be 
d by the selection of the density of the 


ind the amount of pressure per square 


inch area of the pressed articlk Low density 


articles contain a large number of small pores 
more or less equally distributed throughout the 
pressed article. Sometimes the porosity is arti 


ficially increased by mixing with the powders 


some volatile salt which volatilizes during heat 


treatment. 
different 


variation of the 


Variation of pressure to ensure 
density implies, at the same time, 


compression ratio his is best explained by an 


actual example. In order to make a copper al 


ticle with the density of cast coppel (S.5) af 


would be necessary to compress a copper pow 


7) at a ratio 


der with an apparent density of 2 


of 3 to 1. 


used, it would have to be 


If a coppel powder! of the density 1 is 
compressed 8.5 to 1 
(In one case we have actually had compression 
ratios of 16 to 1.) Chis compression ratio di 


mands dies with a well depth of three or eight 


UATHIVVOULIVQVULEVUOOLUVVLLLOOOLHHVOLLHUU UHH) / || 
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(or sixteen) times the de pth of the finished prod 


uct, based upon the above examples Dense! 


powders are used for the higher compressions 


This well depth offers one of the difficulties 
in powder metallurgy as it limits us with respect 
to the heights of the pieces which we can press 
Generally, no attempt is made to press parts 
deeper than 8 in., or at best 10 In At a com 


| 


pression ratio of 3} to loa piece ot S-1In. ce pth re 


quires a 24-in. die ind at least the same height, 


as space has to be allowed for the plunger It 


will be 


press in excess of 60 in. is not feasible 


readily realized that a clearance of the 


bt sic S 
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the plunger has to travel 60 in. representing a Presses are built for operation with 





great deal of lost energy dies or multiple dies. The pressure rv 

Furthermore, the fine powders under com- varies from as little as 2 tons per sq. in. t 
pression offer resistance a resistance which in- 100 tons per sq. in., according to the metal 
creases with the depth, and unless special pre compressed, the density required, and t! 
cautions are taken with such large pieces, the and shape of the pressed piece. The spee 
density at the top and at the bottom may be sev which the press operates varies with th 
eral points apart. and size of the press. The highest speed | 

he dies must resist the wear and friction of to me is in the manufacture of contact 
the powders. This wear varies according to the where the press operates at the rate of 120 | 
metal compressed; for instance, chromium pow- per min. Of course automatic feeding d 
der will wear a die more rapidly than will tin are then necessary for rapid feeding of a d 
powder. The die steels are frequently protected volume of powders to the die. 


by hard chromium plating. In special cases dies 
are made from hard alloys or carbide, or lined Heat Treatment of Blanks 
with such compositions as “hastelloy,” “firthite” 


or “carboloy.” After compression, we have only the ag 


Next, it must be considered that the differ- erate of the elements that make up the fi 
ence in density between the metal piled up in the piece. While the pressure is sufficient to 
die and the compressed part consists mainly of the component parts together allowing the | 
air. Provision must be made for this air to escape to slide on a belt, they are not strong enou, 
during the compression, otherwise air cushions service. Naturally no alloys have been fo 
are built up inside the finished piece. Upon sub- these are formed by heat treatment — ordi 
sequent heat treatment the air in such a pocket a sintering process which varies with the ty 


expands, forms lamina- material to be treated 


mem causes the pieces to IIINIII00/0000000N  o cctea Se “tie in 


even Causes the pieces ) 


break apart. This difficulty piece. 


can be avoided by proper As powder metall 


clearance between plunger was first applied to tu 


and die. This clearance and molybdenum, | wi 


must be carefully limited, describe the method 


otherwise the air forced ploved with them. Thy 
out of the die would carry pressed bar is held bet 
the finely divided powder two electric terminals 
with it. Another way to tight container filled 
overcome the difficulty is hvdrogen. Current 
to taper the die slightly. turned on; heat dev 


by resistance sinters 


into a coherent mass 





Presses Available 
resistance sintering h 


Speed is also a factor tried for various con 


\ slow stroke is lable to tions of metals and | 


entrap more air, than a quite successful. It is 


quick, rapid stroke. There ever, necessary to cont 
fore, according to the process care fully so | 


shape and the depth of the finished piece does 





article to be made, the too hot, and yet hot « 


five S¢ le’s Carty in th tl yl S 
producer has the choice , niratie foomoster ! } Sintering 1s mostly si 
between the slow method, elhods. He has written much al f tung for parts that requ 
such as a hvdraulic press, ne earths and best phvsical and cl 
: neltails His sch ling was he 
or more rapid methods in , characteristics. Other 
' i j ( l { 
gear presses, friction bia University). Phot by Keyst , Vv. } ods” of heat trealtll 
presses, knuckle presses, Mm from sintering by 
or even drop hammers resistance In any 
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sas, to sintering by radiated heat, the parts 
closed boxes into which a small amount 
reoal is thrown which will combine with 
sen of the air and form a reducing atmos- 
f£ carbon monoxide. 
nperatures vary, depending upon the 
sition and intended ultimate purpose of 
ished part. In working out a new com- 


n we begin the heat treatment experi- 


at two-thirds the melting temperature 
tise or lower it according to the very simple 
d of “trial and error.” Unfortunately no 
te rules can be set down as yet. Practice 
s with each plant using metal powders, as 
ly two plants work on the same composition, 
en if the same composition obtains, the fin- 
pieces are usually wanted for varying pur- 
s. In the case of alloys of the iron group, 
sintering temperature quite often rises very 
to the melting range of the alloy. During 
s high temperature process certain distortions, 
ikages or swellings take place which must be 
care of. In most cases the sintered pieces 
placed in a coining press and restruck in 
per dies, and the manufacturer will usually 
intee dimensions to within 0.001 in. 
For so-called oil-less bearings, the powders 
compressed with the intent of leaving pores 
oil absorption. The amount of oil can vary 


nsiderably, depending on the technique — there 


‘ 


parts which absorb 5° their volume of oil 
d others which absorb as much as 25°. 
Where 


pressed from a number of various powders (or 


ingots rather than shapes are com- 


irticularly pure iron powder) they are made 
the intention of subsequent rolling or draw- 
vy. Subsequent restriking to exact dimensions 


is unnecessary. Such ingots can be forged, 
swaged, rolled, or drawn, and the resultant ma- 


il has, in most cases, a better combination of 
strength, toughness and ductility than the ma- 
il produced by orthodox methods. Absence 
‘ides, carbides, and gases in general, the pre- 
rmined grain structure and fine distribution 

component elements, undoubtedly account 
e better tensile properties and for the more 
rm physical and chemical characteristics. 


one example, it is possible, by this 
d, to make a stainless “steel” with exactly 

Ls hromium, 8° nickel, and practically no 
Since carbon is the cause of many an- 

Ss in the behaviour of this new alloy, th 
s of making a carbon-free alloy is very 
tive. As no slagging losses need be ac- 


d for, this method of compression offers 


great possibilities for alloys of exact analysis 


In addition, hard alloys can be produced and 
compressed to exact size in compositions which, 
if cast, would be too hard for subsequent machin 


ing except at great expense. 
Widespread Use of Product 


The field of application is already very wide 
Such examples as are cited below are only an in 
dication of what is now being done on a sultl 
ciently large scale to consider the use of metal 
powders as a definite established practic 

fungsten and molybdenum, when used as 
pure metals, are entirely based upon powder 
metallurgy. You are all familiar with many of 
the applications in the form of lamp wire, radio 
cathodes, contact points. A number of publica 
tions are available concerning the production of 
tungsten wire, a recent one being by W. P. Sykes 
in Merat ProGress, March, 1954. The automobil 
industry is using millions of bearings, bushings, 
and inserts made of compressed powders, and 
simila 


Che elec- 
parts from 


the railroads have commenced to us¢ 


bearings, wedges, and wearing plates. 
trical industry makes innumerablk 


powders: dynamo brushes, generator brushes, 


contact points, commutator segments, rotors, 
spark plugs — to mention a few items. The den- 


tal industry uses powders for bridges, investment 
metal and many unusual compounds. In the arts, 
coins and medals have been successfully struck 
One of the latest developments is the manufac 
ture of the new magnet alloy of especially high 
power by the General Electric Co. It is composed 
of nickel, aluminum, cobalt and iron, and, ac 
cording to their publication, the best results are 
obtained by the compression of the powders into 
the final form; the resultant alloy if cast is so 
hard that machining appears impractical. 

Welding rods have been produced by Tris 
ing the component elements and adding the ne« 
essary flux to these powders. It is re ported that 
for arc welding, the uniform distribution of the 
metal and the flux has a great advantage over the 
cored or coated rod. Powders are also sprayed 
on the regular bare welding rod or mixed with a 
coating material and thus adapt the filler metal 
to the alloy composition to be welded. 

Enough has probably been said to indicate to 


the reader how the new art of powder metallurgy 


can be applied to his particular problem — ar 


important consideration, for applications are 


rapidly increasing. Even today, we are only 


at the doorstep of an apparently new metallurgy 
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Ome 


to read 
he h | een writte 
portion ¢ Ins education 
ip and se a good library. | 
of books that are well worth 
A 


Steel Wire 


STEEL Wire, Its MANUPACTURE AND Properties. By 
Maurice Bonzel; translated by Kenneth B. 
Lewis. 495 pages, 61,x95,, 414 illustrations, 
Engineers Book Shop, 168 East 46th St.. New 
York. Price $15.00. 

AC PROM A somewhat less comprehensive 
book by A. T. Adam, this is the only one 


known to the reviewer that discusses the manu- 
ot thre 
physical metallurgy. Hence the price is not ex 
When the purchaser has spent his $15 


facture wire from viewpoint of modern 
CeSSIV¢ 
he has half the scientific library of the industry. 

M. Bonzel, the author, is rarely placed. An en- 
gineer by education who got his metallurgy under 
is 


Leon Guillet, he general manager of the wire 


He 


having an inquiring mind; he respects the tradi- 


mills of Etablissements Bohin. is fortunate in 
tional lore of the industry but studies each of its 
practices, and by combined laboratory and plant 
tests decides what is essential, what is non-essen- 
tial and harmless, and what is positively detri- 
to 
unique in this attitude of mind; 


mental a good product. Probably he is not 


there are doubt- 
less many other inquiring souls in his industry. 
He is almost unique, however, in having a dispo 
sition plus the permission to share this informa 


tion with his competitors and the public. 


ood Books 


and oOo w mm 


1 print n books thal f 
consists in knowing how lo uild 
lere are e notes on a numbe 

a mans money and his study 
IMAM 


(he translator is quite as well fitted t 


task as the author. He needs no introducti 


technologists in our own wire industry 


others it may be said that 25 years of work 
wire mill machinery has taken him to mn 
every mill on this continent, where he has be 
thoroughly familiar with American practice, 
traditional and advanced. 

While M. Bonzel’s text is confined to F1 
practice principally wet drawing littl 
he has to say is without direct application t 


ditions in this country. A typical exampk 


critique of existing practice goes about as 
lows: The practical operation of patenti 


described and the microstructure of high cat 
rod is illustrated, both as properly treated 
after Next 
published literature of importance is summa! 


and criticized in the light of his own expe! 


various improper treatments. 


Certain factors not discussed by others are 


examined, such as time at high tempera 
diameter of wire, and composition of the 
Lastly he gives the metallurgical theory 


cites the fact that the most recent researc! 
were required to g 
logical the 
and to prove that quenching from above At 
from 1700° F.) into a lead bath held pretty c¢! 
at 900° F. is the exact way to give the finest | 


ite possible, without any masses of soft fer 


Davenport and Bain 


foundation for traditional pra 
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wod or hard, acicular constituent on the 
Finally, based on these experimental and 
that 

o necessity for a long soak above Ar 
thermore that 
tal. For that reason the patenting fui 
the 


enerally high) and the position of the 


1} considerations, he concludes 


a long stay in the lead is 


mills are short, and strand 


{ his 
the lead pot are adjusted to the diam 

tive rod 

s to be hoped that the appearance of this 


marks the end of an epoch wherein the 


reaters and wire men have been sneering 
other the metallurgists were taunting 


re men for various illogical rule-of-thumb 


es. and the wire men were snickering at 
etallurgists for advocating changes that 


pparently sound in theory but for occult 


s won't work on wire. Bonzel the author 
wis his translator are both men who are 
minded enough to see both sides of such 


ons. More power to their clan. 


Oxide Coatings on Metals 


OXIDATION AND SCALING OF HEATED SOLID 


WV O 


A publication of the Department of 


Scientific and Industrial Research. 104 pages, 


' 


| 


S 


London, W.C.2, England. 


tries by 


\9!, in. His Majesty’s Stationery Office, 


Price 2s 6d. 


War the British has 


fundamental 


PHI government 


istered researches in various 


granting funds for a portion of the 


se involved in approved projects. One sub- 


thought worthy of special consideration is 


_ 


hot metal. This has enormous 


il importance, not only causing perhaps 


ling of 


istalit 


tage during heating for forging, rolling 


her hot work, but also the type of scale in- 


es such subsequent operations as pickling, 
innealing or painting. Likewise more in- 

ion is needed for a further development of 

illovs for heat resistance. 

reliminary to actual work it is, of course, 


ble to survey what has already been found 


nd this litthe volume contains six mono- 
Ss or critical reviews of the literature on 
phases of the question. The plan of ac- 


dopted in this case is to be recommended 
rhe 
thors of the sections (headed by Ulick R. 
L. B. Pfeil and J. C. 
guarantee of quality. 


speed and thoroughness. names of 


sul- 


Hudson) are a 


er reading the book, one has the feeling 


that one could shut his eves, thrust in his hand, 
and come out with a question worthy of extensive 
investigation. There seems to be but one prin 
cipal finding that has been checked and back 
checked; it has grown out of the comprehensive 


work by Jominy, Murphy and Upthegrove at th 


Correlating the work of 


Hudson 


mild steel in 


Universitv of Michigan. 


about ten other investigators, D1 finds 


that the rate 


air or oxygen can be computed from the formula 


of oxidation of iron o1 


ly oa X10 


thickness of metal oxidized in 


thre 


thousandths of 


where Kk Is 


an inch per hour; C is a constant, 


1.664 for air, 2.316 for oxvgen; and T is the abso 
lute temperature. Even this formula holds only 
up to 1000" or 11000 ¢ (POO0O) F.). and bevond 
that temperature the experimental data are quit 
scattering. Nothing much can be said about the 
influence of minor constituents of the furnace 
Gases, nor ol the composition of the steel 


Any 


with much reliance on 


research on scaling cannot be planned 


a theoretical background, 


for such does not exist For instance, there are 
six different iron-oxygen equilibrium diagrams 
(some quite fragmentary), but all by first-class 
investigators, and all widely varying in their in 
and 78 


ten dif 


between 70 
son 


terpretation of the region 
iron (Fe,O, and FeO respectively) 
ferent phases have been proposed between these 
limits, although four is a more probable numbet 
It is even questioned by several investigators 
whether FeO really exists as a true compound at 
any temperature 

circumstances it is not sul 


Under thes 


prising that what is known about the subject of 
scaling has been acquired principally by isolated 
\. Main, in 


the resume of his section in this book, “Fuel fired 


observations \s summarized by S 


furnaces have been steadily improved in design, 


mainly under the urge for economy and efliciency 


of working, but concurrently attention has also 


been given to avoidance of oxidizing conditions, 
as well as of high local heating of the charge dus 
to direct impingement of flame Old standing 


false ideas as to the reducing character of a rich 
flame have been disproved, and the oxidizing ac 


tion of the products of combustion, carbon di 


oxide, sulphur dioxide and steam, even in the 
presence of considerable proportions of combus 
tible gas, is established Water vapor, next to 


oxvgen itself, is shown to be the most active oxi 
dizing agent. Sulphur is specially obnoxious and 
active In a 


HH S or 


is even more reducing atmosphere 


where it exists as an organic compound, 
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than in an oxidizing atmosphere as SO, or occa- 


sionally the higher oxide. The use of instru- 
ments recording composition of the gases has, so 
a specially 


far as they have been applied, had 


bene fic ial influence.” 


Textbook on Steel 


AN INTRODUCTION TO THE METALLURGY OF TRON AND 
STEEL, by Herbert M. Second Edi 
tion, 565 pages, 6x9 in. 120° illustrations. 
John Wiley & Sons, New York. Price $5.00. 


ww" WKHITING A BOOK about the entire pro 
duction of iron and steel from its ores, its 


rolling, forging or casting into shape, and the 


soviston 


properties of the heat treated alloys, an author 
must be embarrassed with a multitude of riches. 
It is a matter of deciding what must be left out 
rather than what can be put in. Reasonable 
bounds would be burst if it were anything but 
an “introduction.” Naturally much of interest 
to the specialist must be omitted in the interest 
of the student or general reader, and the special- 
ist is apt to get a wrong view of the real useful- 
ness of such a volume. 

Professor Boylston has wisely told much of 
his story in pictures, and of these he has a no- 
tably fine collection, unusually well reproduced 
and printed. In comparing a copy of the first 
edition, it was found that several of the cuts had 
been copied by the reviewer evidently as the 
best views available of the particular subject. 

Experience with the book as a teaching text 
has undoubtedly convinced the author of its suf- 
ficiently broad coverage, as only minor additions 
or changes have been made in the first edition 
other than the extension of the tonnage statistics 
and accounts of the Brackelsberg melting fur- 
nace, the Aston process for wrought iron, and the 
molybdenum-tungsten high speed steel. It may 
be regretted that paragraphs on alloy cast irons, 
methods of controlling grain size and its practical 
utility, and the new families of stainless steels 
and high strength structural steels were not also 
included. On the other hand, ingot practice is 
treated in a unique manner (as would be ex- 
pected by those familiar with Boylston’s early 
work), although one finds only a footnote refer 
ring to the very important cooperative researches 
now going on in England on the heterogeneity 
of steel ingots. One notes with pleasure a full 
discussion of annealing practice and its effect on 
metal of various history a matter too often dis- 


missed with little more than a definition. 





All About Welding 


SYMPOSIUM ON THE WELDING OF IRON AND S 
lwo volumes, 676 and 974 pages respecti 
y14x8 in. The Iron and Steel Institute, 28 
Victoria St... London, S.W.1, England. 


t 2 4s Od postpaid. 


— ASSEMBLAGE of 150 papers by as man 
perts from all over the civilized world, j 
result of a comprehensive discussion orgat 
by the [ron and Steel Institute wherein 15 
engineering societies in Great Britain pat 
pated. Numerous references to this great | 
of information have been made in Merat P 
KESS since the preliminary pamphlets apps 
the reader may refer to an editorial last June 
titled “Heavy Welding Abroad” for an idea of 
the contents of Volume I. Volume II contains 
equally fine group of papers on welding 
nique, metallurgy, and inspection. 

A better title for this work would be “Int 
national Handbook of Modern Welding Practi 
It certainly should be in the working libra 
every engineer or production man who is 
charge of welding operations, or who is int 
ested in this new art of joining metals and that 


really means every wide-awake metallurgist, 


does it not? 


The Metals Other Than Iron 


Mopern Uses or Non-Ferrous Merars. A coll 
tion of 22 essays by prominent metallurg 
edited by C. H. Mathewson. 
in. Published for the Seeley W. Mudd ! 
by the American Institute of Mining and © 

Price > 


126 pages, 9'4%5 


allurgical Engineers, New York. 


wm rHIS BOOK is intended primarily 
guide for voung men thinking of metall 
as a vocation, the book contains a useful s 


mary of facts good for many an elder wh 


specialized in this, that or the other br: 
Some of the chapters follow talks that have 

given at annual dinners of the Institute of M: 
and the attendance at the latter warrants th: 
lief that even a lead metallurgist, for inst 


would with interest learn what Jesse Bett 


thinks are the most interesting and imp 


facts about lead refining and use. Excell 
pography, press work and binding are in k¢ 
with the eminence of the authors. Indeed, 


satisfactory, comfortable little book. 
As all editors and publishers know, th 


Book reviews are continued over lea] 


Metal Progress; Page 70 











(HE NATIONS 


ng LAST 





im telephone directory is the nation’s 
calling list. Millions of people refer to 
it daily—in homes and offices and in pub- 
lic pay stations. It is the busiest book—it 
plays a part in countless activities. 
For the names in the telephone book are 
nore than names. They are friendships and 
mes and families. They are bridge parties 
id golf games— business successes— buyers 


d sellers of wheat or pins or skyscrapers. 


12.000.000 names are listed in 


than 


More 
the directories of the operating companies 
of the Bell System. You can go straight to 
any one of these millions of people—easily, 


quickly and economically—by telephone. 


The classified directory is an important feature of your tele- 
phone book It isa hands re liable buys ing2 guide 
—a quick, easy way to find “Where To Buy It.”° Y ® 
SYSTEM 


BELL TELEPHONE 
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ll | AHHH AHH HII HH HA for working steel. Mr. Campbell's text « 
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physical constitution of steel is illustrated 
G r R Ik Oo some excellent) photomicrographs. — Pro 
oo OOKS to ov ER and equipment used in heat treating ste: 


nature of alloy steels and their heat treat: 


est trouble is not to get a thing written and processes and equipment for welding steel] 
printed, but to get it read. Here is a book in the preservation of steel complete the pri 
tended for high school boys; it is well written items discussed. The book is supplemented 
and well printed. Now looms the real question: a series of laboratory assignments and ther 
How can it be placed in the hands of boys who page of references to books on the metallu 
ought to have it; how can they even be told there steel which cover the various processes in gt 
is such a book available? wealth of detail. 

It is to be hoped that the Seeley W. Mudd The book should be excellent for hand! 
fund, which guaranteed the deficit (if any), has sophomore class either in a metallurgical cd 
enough surplus to finance some effort toward ment or a mechanical engineering department 
solving this real problem. Why not distribute a and while it is too brief to replace the more d 
thousand copies to chemistry teachers in the large tailed knowledge furnished by other large: 
high schools in this country, the authors and well known text books it should be of great us 
pot ntial authors of the textbooks used by the in putting over the story of steel to the younger 
youths? If some metallurgical information could students. Hersert M. Boyisron 


be got into these books it would help, eventually. 
In one of them now before the reviewer, zine is 
Physical Metallurgy 


awarded two pages; galvanizing and alloying are 


mentioned but the only use for the metal honored 
AN INTRODUCTION TO PrysicaAL Meratturcy, by Le 


land Russell Van Wert. 272 pages, 6x9 
200 diagrams and photomicrographs. M 


v-Hill Book ee New York. Price DK 


with a description is that of zine dust for a re- 
ducing agent in chemical reactions. Seven com 
pounds are described as salts of the principal 
acids, but no hint as to anything the compounds 


might he good for, In other words, metals are A \ RECENT MEETING of the Electroche 


taught as basic clements and ingredients of salts Society commemorating the 50th anniver 


and compounds, rather than commercial sub sary of the discovery of the present method of 
stances with characters of their own. minum reduction, ‘Arthur V. Davis, one ot 
Is it any wonder that the high schooler with pioneers, said that the history of the Alun 
such a text in hand has not the faintest apprecia Co. of America could be divided into four e} 
tion of the importance of the zine industry Ol First, they had to find out how to make 
even knows that there is such an industry offering num: sone thev had to find somebod\ 
opportunities for a life work and success? it; next, thes it to find out how to make 


money on the transaction; last, they had 
Elementary Text out something about the metal and what 
could be used for. 


? is generalizati applie squalls 
Pur Workine, Hear Treating ann WELDING ot Phis generalization applies equal 


Sreet, by H. L. Campbell. 185 pages, 5°, x9 


in., OF illustrations. John Wiley and Sons, 
~ the last of Mr. Davis’s epochs and can 


Inc.. New York. Price $2.25. 
Van Wert’s book to advantage. It tells som 


other branches of the metal industry. P! 


most readers of Merat ProGress are interes! 


Sirsa Book is a brief but very interesting discus of the methods whereby the investigator s 
sion of the working, heat treating and welding the inner structure of metals and alloys, 
of steel. The descriptions of methods and ma progress which has been made in systema 
chines are clear and the illustrations are espe an enormous mass of experimental data 
cially good. It covers the manufacture of wrought aim, of course, is to find out what new thi 
iron, the steel making processes, the chemical old metals and alloys are good for, how tl 
composition of steel, classification of steel by be changed by appropriate treatment eit! 
composition and uses; physical testing of steel; chanical or thermal, and how new alloys 
the effect of temperature changes on the mechan- devised to meet demands bevond the u 
ical working of steel; processes and equipment capacity of the older ones. (Continued ove 
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MOLY helps to cut finishing costs 


TAKE gears, for example: If in their production the dis- 
tortion can be so minimized—and uniformly predicted 

as to eliminate the necessity of grinding before lap- 
ping, the cost of one operation is saved. 

This is exactly what one manufacturer was able to 
do by adopting Nickel Moly steels (SAE 4600 series) 
for his gears. 

Similarly, throughout other operations in the pro- 


duction of finishing steel parts—in forging, heat- 


CLIMAX MOLYBDENUM COMPANY, S00 FIFTH AVENUE, NEW 


amgo-l b- 





cuts 
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den-um <r 


treating, carburizing, machining — Moly steels have 


made it possible to cut costs substantially. 


Our files may contain experiences or case histories 
paralleling some particular problem of your own. 
These data, as well as the co-operation of our experi- 
mental laboratory, are at your disposal. Meantime. 
our technical book, “Molybdenum,” and our peri- 


odical news-sheet, “The Moly Matrix.” will gladly be 








sent you on request. 
YORE 


res SALES 
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Good Books to Qwn 


Dr. Van Wert, lecturer on metallurgy in 
Harvard University. joins a distinguished com- 
pany of me tallurgists who have treated this im- 
portant new branch of an old art. Three countries 
have already produced books of outstanding 
merit In 19114 came “An Introduction to the 
Study of Physical Metallurgy” by Walter Rosen- 
hain. He gave much attention to the relation of 
mechanical tests to the microstructure, and so 
produced a most readable and understandable 
volume, probably of most “practical” value. 
Shortly thereafter came “A Text Book of Metal- 
lography” by Gustav Tammann (translated from 
the German in 1925 by Dean and Swenson) which 
looked upon metals and their alloys from the 
scientific viewpoint of physical chemistry 
pretty stiff reading! Our own countrymen Zay 
Jeffries and R. S. Archer published their “Science 
of Metals” in 1924. If this notable book can be 
brief]y characterized, it may be said that Jeffries 
and Archer looked upon a metal as a crystalline 
aggregate, and discoursed largely on methods of 
changing the size, orientation, composition, and 
constitution of these micro-grains, and then ex- 
plained how such changes affect the mechanical 
properties of commercial metals. 

The book now under review is smaller than 
any of these predecessors, which, of course, 
means that many important aspects of the sub- 
On the other 


hand, the author has had the advantage of a great 


ject are omitted or sketched briefly. 


amount of new information gained with the 
X-ray. Thus is the search for fundamentals 
pushed even deeper and to more minute particles 
than can be seen with the most powerful micro- 
scope Many interesting questions about space 
lattices, grain fragmentation and neg eg orien- 
Van Wert's 


long chapter on the microconstituents of allovs 


tation can be solved in this wav; Dr. 


is a masterful summary of our present knowledge 
about atomic arrangements. It is no disparage 
ment of the book nor of the new science to say 
that in this respect the researcher is far in ad- 
vance of the application of his findings to the art 
of working, fabrication, and heat treatment of 
the common metals. 

This has always been the case. No one has yet 
got far beyond Dr. Rosenhain’s beginning at the 
micro- 


task of correlating even the visible 


structure and the physical properties. 





International Congress 


METALLURGICAL CONTRIBUTIONS, Congres | 


tional des Mines, de la Métallurgie et la 
Geologie Appliquée. 176 pages, Ss oX 
430 figures, paper bound. Revue de tal- 


lurgie, Paris, France. Price, 86 franes | 


J ST THE FACT THAT 45 countries wer yre 

sented at the seventh session of the Interna- 
tional Congress of Mining, Metallurgy, and \p- 
plied Geology, held in Paris last October, is amp\ 
guarantee of an interesting and permanently 
valuable assortment of papers. The contribu 
tions contained in the present volume are th 
ones solicited by the program committee, and are 
usually in the nature of reviews of important 
A second 


volume is scheduled to appear this spring con- 


specific phases of modern metallurgy. 


taining unsolicited contributions to the Congress, 
and the editors inform us that a supplementary 
pamphlet containing verbal discussion will also 
be printed. 

This first volume is divided into seven sec- 
tions, on fabrication of iron and steel products; 
fabrication of non-ferrous products and electro- 
metallurgy; ferrous alloys; non-ferrous alloys; 
foundry practice; transformations in metals, 
treatment, and uses; and testing. The roster of 
authors contains such prominent names as 
Sauveur and Bain from the United States, 
Britain’s Sir Robert Hadfield, France’s Portevin 
and Guillet, Germany’s Guertler, Sweden’s Bene- 
dicks, and Italy’s Giolitti. Space will only permit 
a brief summary of two of the papers in the pres- 
ent volume. 

M. A. Pavloff of the U.S.S.R. comments 


interesting manner on modern blast furnace de- 


sign. Dimensions, he states, have changed so 
completely in recent vears that many engineers 
believe it is no longer possible to calculate on the 
basis of old relationships. He does not uree 
with this, and shows how he arrived at figures 


for what he would consider ideal dimensions Ol 
a 1000-ton furnace. These turn out to be ry 
similar to the dimensions advocated in 19350 Dy 
the Blast Furnace and Coke Association 
Chicago District, with the essential differen 
Pavloff’s furnace is 3 ft. higher and slightly 
at the throat. 
Pavloff attributes the opening of a ne 


od of development to the construction in 1927 0! 
Jones & Laughlin’s furnace No. 5, which ay ged 
over 1000 tons per day for a period of a yea in 
unprecedented record. In 1931 the United tes 
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